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KFFECT^F  RESERVOIR  RELEASES  ON  TAILWATER 


ECOLOGY:  A  LITERATURE  REVIEIV 


PART  T :  INTRODUCTION 


Problem 


1.  The  Corps  of  Engineers  (CE)  normally  operates  reservoir  projects 
to  achieve  downstream  environmental  quality  objectives  consistent  with 
project  purposes.  Presently,  there  are  no  quantitative  approaches  or  re¬ 
liable  guidelines  for  determining  water  releases  necessary  to  ensure  tiie 
maintenance  of  a  desired  downstream  aquatic  environr'ient .  Many  environ¬ 
mental  quality  requirements  for  downstream  habitat  and  biota  are  not  well 
understood  or  substantiated. 

P.  Rest.'rvoi  I’s  .•iffect  ciownst re;im  a.quatic  habitats  in  a  number  of 
ways,  i ng  on  project  design  aini  operation  and  specific  environ¬ 

mental  riaqui remont.r,  o:'  lowiir. tia-an  biota.  Large  variations  in  flow 
assc'ciatt'l  with  powor-peak  i  r.g  iiroratiions  may  adversely  affect  down- 
stro'im  f1  sdit'rior,  iiur-iiig  spa.wn  i  periods,  disrupt  benthic  communities 
that  sei've  as  foodi  f -r  fish,  ar.i  limit,  st.ream  recreation.  Changes  in 
tor.nor.at.ure ,  dissolved  ;-a.;'.es,  .a.nii  otiior  water  qu'i'lity  chara^;  lOT  i  st  i  cs 
as.fajciated  with  resL-rvoir  relf-ases.  greatly  influence  tiie  si-ecics 
c.omposi  t.  Ion  and  .abiu:  ianco  ■  f  iie  t.a  i  Iwa.tor  community. 

i.  The  operation  of  ros'^rvfiirs  to  .achieve  desired  downstream 
obj  i.:ct  i  ves  is.  c''fto:i  c.-.mp  1  i  ca.*  •  d  by  conflicting  requirements  to  improve 
in-lak(’  w.aLi.'r  quality  di'm.an.ds,  of  other  nrojiect  ptirposes.  Periodi¬ 
cally,  minimum  roleas.'a;  ropiiiaai  to  maintain  downstream  aquatic  habitat 
and  ass  )c  i  .at'.'d  s.tr<'-i.m  recreat,  i  -n  aro  greater  than  the  releases  required 
to  meet  other  'uP  iior  i  s.ed  I'n^Ject  purposes.  During  these  periods,  pro¬ 
blems  assoi'iated  w1  tli  I’csorvoir  releases  often  become  critical.  Since 
the  betiofitr,  of  m.-i  iid  .a  ini  ng  or  er.hancing  downst.ream  aquatic  habitat  ant: 
bit'ta  are  di'.'ficult  to  qu.anti  fy,  Jur.t  i  Tying  t.lie  .allocation  of  reservoir 
stoiaage  fin-  downs*  ream  rele.-ir.es  is.  complicated.  Nevertlieloss ,  minimum 
rele-iscs.  -ire  required  t.,)  ri.-iint.ain  adequat.e  liownsti-eam  habitat. 


A 


St.udy  Approach 


The  :'i  f;'t  t-isk  of  the  U.  f.  Fisli  .-inh  Vi/iUlifo  Service  in  pre- 
pc.'-n  hi  en  of  thir,  repoi't  war.  to  ia)nu',u-'  an  ex'iaimtive  literature  search 
or.  the  reservoli'  watt-r  relear.er.  on  1  ai  Iw.at.et  biota.  An 

anrotatoh  bibliography  w.ar.  prepare.'  fri''i!!  the  literature  that  ir.ost  dir¬ 
ectly  coiu'crned  tailwater  problems  (V/alburp  ei.  al  .  19^0). 

1.  This  report  reviews  available  literature  .-n  the  effects  of 
_re.-e7'veir  rele.ases  on  tailwatei's  that  support  jiopulations  of  warmwater 
fisii  or  'lit.  Tlie  extensive  1  i  ter-a.ture  available  (ui  .anadrortous  fish 
is  net  ir.elude.i.  This  "st,ati'-of-t.i.e-nr!."  report,  (io.'uments  tlie  relritir-n 
between  ciianpes  in  tiie  qutint.ity  turi  (prility  of  roscT-voir  water  rele.ases 
■ind  t.iro  qinli’-y  c'f  t.he  downstre.a.m  .a.qu.atio  environment.  Tiie  review  .also 
includ.or,  selected  st.rt.'.a!;;  t-.nd  rivor  stuilies  that,  ir-ive  applicatioTi  to 
tailwater  probl  •anr .  Tailwaters  cited  in  I’eport  .are  listed  alpha¬ 

bet,  ic-i ly  in  Apperi.tix  A  t.^'raher  with  name  of  river  .arui  location  (e.R., 
.•‘■he  of  ‘in'  United  r.ta.‘ec.  .-r  c'ounl  ry).  The  r:e<jp;raphic  locations  of 
*  he  ‘O'-  t  ■:  i  Iw.at.’rs  locati'd  in  ll!o  Itnit.i'.i  ft.a.ter  are  shown  in  Appendix 
( i'i  sure  lU  ) . 

o.  To  better  understa r.d  the  physio.al  .and  cliemic.al  condit.ions 
foun.t  in  t  ai  lw.a.t.i.'rs ,  this  report  beptins  with  a  briel’  uescription  of 
reservi'.  i  !'  limnol.\i-y,  f.Ml.awed  by  section  .iti  the  design  tuid  operation 
:''c.-.orvivi  r  oir.iet.  st  rnctiires  .arnl  h.ow  t.his  ■'■a.n  impact,  the  tailw.ater 
environment.  This  is  followed  by  a  review  of  the  physical,  chemical, 
and  trophic  conditions  found  in  tailwaters.  A  general  review  of  in¬ 
vertebrate  ecoloeiy  in  both  streams  and  tailwaters  is  then  presented. 
Life  history  requirements  of  fishes  found  in  tailwaters  are  reviewed, 
together  with  a  description  of  their  response  to  the  tailwater  environ¬ 
ment.  Tailwater  environments  created  by  various  management  schemes  for 
reservoirs  and  tailwaters  are  discussed  generally.  Major  physical  and 
chemical  alterations  are  indicated,  together  with  descriptions  of  how 
they  affect  organisms  of  the  higher  trophic  levels.  Finally,  the 
nature  and  scope  of  studies  necessary  to  complete  the  development  of 
conceptual  models  that  can  be  used  to  predict  the  effect  of  changes 
ill  reservc'ir  man;ig,emeut  .m  the  tailwater  eiivirotment  are  indicated. 


PART  II:  BASIC  RESERVOIR  LIMNOLOGY 


7.  Knowledge  of  reservoir  limnology  is  fundamental  to  under¬ 
standing  water  quality  characteristics  in  tailwaters.  Water  quality 
in  reservoir  changes  with  season.  The  extent  of  change  reflected  in 
the  taiiwater  depends  on  the  depth  of  water  withdrawal,  project  de¬ 
sign,  morphometry  of  the  taiiwater  channel,  and  local  atmospheric 
conditions.  The  following,  brief  overview  of  reservoir  limnology  is 
intended  to  pj-ovide  sufficient  background  information  for  a  biologist 
or  engineer  to  understand  t)ie  relationship  between  reservoir  biogeo- 
cl’.eiaical  processes  and  taiiwater  ecology;  it  is  not  intended  to  be  a 
detailovi  discussion  of  limnology.  For  a  compreliensive  description, 
the  reader  should  refer  to  the  works  of  Hutchinson  (I967),  Wetr.el 
(197^),  and  Cole  (1975). 

Hydraulic  Residence  Time  and  C'Cttling  within  Reservoirs 

o.  In  geueiTil,  i-eservoirs  with  short  hydraulic  residence  times 
have  a  reviuced  impact  on  tailwaters  because  the  water  is  discharged 
before  the  effects  of  impoundment  become  established.  This  type  of 
rccervodr  is  often  termed  a  flow-through  or  run-of-the-river  pro.ject. 
The  di::.charge  is  usually  similar  to  tlie  inflow  in  oxygen  concentra- 
tijii,  temperature,  turbidity,  and  nutrient  concentration.  Reservoirs 
wit);  1'  .ug  hydraulic  residence  times  undergo  processes  somewhat  similar 
t,  '  those  .  L.jjerved  i;i  lakes,  altiiough  tliere  are  significant  differences 
I ‘.'('(,7  i.9o7;  Paxter  lOi'j), 

9.  ihtsei’voirs  with  Jong  hydraulic  residence  times  act  as  set- 
t:i:i  -  basivis  in  whic'n  suspended  particles  settle  from  the  water  col;unn. 
ii.'".'  •ir('  effective  in  removing  suspended  material  from,  inflowing 
St r-.'ams  1  .r  sediments  washed  into  the  reservoir  during,  sujnmer  rains, 
i'lrddi  w.'iter  is  usually  discharged  into  the  tailwaters  only  after 
1'  r.g  winter  rains  that  are  accompanied  high  runoff  rates  (Churchill 

196  n. 


8 


The rmal  Strat ification 


10.  The  process  of  thermal  stratification  is  a  major  factor  in 
altering  the  water  quality  of  reservoirs.  An  understanding  of  thermal 
stratification  and  its  influence  on  water  as  it  flows  through  a  reser¬ 
voir  is  essential  to  discussion  of  water  quality  in  tailwaters. 

11.  Reservoirs  stratify  thermally  when  solar  radiation  and  in¬ 
flows  fi-om  warmer  tributaries  during  the  spring  heat  surface  waters 
more  rapidly  tVian  the  heat  can  be  distributed  throughout  the  water 
column.  This  produces  temperature  and  density  differences  between  the 
surface  water  and  tlie  underlying  water,  increasing  the  resistance  to 
mixing.  Shearing  between  the  surface  and  deeper  waters  inhibits  addi- 
t Iona]  mixing  and  results  in  the  formation  of  an  upper  layer  of  warm 
wat^r  (epilimnion)  and  a  deep  layer  of  cold  water  ( hypolimnion ) ,  with 

■i  trails  it  ional  layer  between  tlie  two  (metalimnion  j .  Following  strati- 
i ca t, i  on ,  mixing  effects  caused  by  wind  and  air  temperature  changes 
are  larf'ely  liinited  to  the  epilimnion. 

12.  Ros.ervoirs  destrati  fy  thermally  when  the  loss  of  heat  to  the 
cooler  ntmospheia*  in  lat.e  summer  and  early  fall  exceeds  the  heat  input 
from  solar  radiation.  Complete  thermal  mixing  begins  when  the  surface 
water  cools  and  hi'comes  as  dense  as  tlie  deeper  water.  Eventually  the 
entire  water  column  loses  it.s  resistance  to  mixing  and  the  reservoir 
becomes  thermally  uniform  (Wetzel  lOTS).  Tributary  inflows  may 
accelerate  destrati fication  by  providing  additional  cool  water. 

13.  The  wat.er  c?olumn  in  warm  temperate  reservoirs  is  essentially 
of  constant  density  during  t.ho  winter,  and  little  thermal  resistance 
t'C  mixing  occurs.  Convection  currents  and  relatively  little  wind 
a-tion  can  l.hornughly  mix  the  entire  water  column  (Churchill  1067 )  •  As 
a  result,  the  cliemi  ca.l  and  piiy.sical  characteristics  of  the  water  remain 
uniform  throughout  the  reservoir  until  spring.  These  reservoirs  are 
lormo’d  monomictic,  since  they  cii-culate  freely  only  duj  .ug  the  winter 

::i'  inf.iis . 

l7.  Reservoirs  in  cooler  temperate  regions  may  become  stratified 
dur-ifig  t.ho  winter.  The  coldest,  water  (0-3°C)  remains  at  the  surface 
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and  the  warmer,  most  dense  water  {)i°r!)  sinks  to  the  bottom  (Wetzel  1975). 
These  reservoirs  are  termed  diraictic  because  they  circulate  freely  twice 
duriiit',  the  year  followirif’;  spring  and  fall  destratification. 

IS.  Not  all  reservoirs  thermally  stratify  (iuring  the  summer. 
r>!iallow  reservoirs  with  relatively  rapid  rates  of  flow-through  and 
exposure  t.ii  extensive  winds  usually  remain  vertically  mixed.  Temporary 
temperature  "di f forences"  which  form  after  extended  pei'iods  of  calm 
wi'ather  an  i  reduced  discharge  may  be  deati-oye<i  by  wind  action.  These 
reservivirr.  may,  iiowever,  undergo  periods  of  winter  stratification  after 
ice  cover  formation. 


Dissolved  Oxygen 


ir.  Coticentrations  of  .lir.solvcd  ('xygei:  in  r(‘servoirs  arc  closely 
a.-.sociated  with  t!ie  strati  f :  cation  procer.s .  Tn  stratified  reservoirs, 
tile  epilimnion  is  well  aerated  due  to  wind  act.ion,  mixing  resulting 
from  diurnal  temperature  fluctuation,  and  oxygen  produced  during  photo¬ 
synthesis.  Dissolved  oxygen  in  tiie  ii.vpol  ir.n  ion ,  iiowever,  is  liniteci  to 
that  available  at,  t.he  time  of  strat  i  fi cat i on ,  and  m,a,v  bo  reduceti  or 
eliminated  by  the  oxid.ation  of  organic  matter  that  settles  itito  the 
hyp'olimnion  from  the  epilimnion.  Tlu'se  conditions  T>ersist  until  the 
reservoir  mixes  vertically.  Low  dis.solved  oxy'gen  concentrations  are 
seldom  a.  problem  during  the  winter,  when  low  water  temperatures  sup¬ 
press  metabolic  activity,  and  oxidation  rates  of  organic  compounds 
are  reduced.  However,  low  d'ssolved  oxygen  can  occur  in  ice-covered 
lakes  during  the  winter  with  rt'sul  t  ;i,nt  f'sh  kills. 

IT.  Tn  unstrati  f  ied  reservoirs,  complete  circul,atiori  and  frequent 
aorati,)ii  by  wind  action  ensures  that  adequate  oxygen  is  available 
thrcughc’ut  the  water  ccliuiin.  Low  oxygen  concentrations  may  occur  in 
icjcali, ze<l  pn^tected  embayments  and  other  areas  not  subject  to  frequent 
circulation.  Also,  nig.httime  algal  respiration  may  lower  o.xygen  levels. 

Nutrient  Concentration 

lb.  The  import  of  nutrients  from  upstream  or  watershed  i-unoff  is 
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the  main  source  of  reservoir  enrichment.  Maximum  inputs  generally  occur 
•ii'ter  I'.eavy  ruins.  Excessive  amounts  of  nutrients  (e.g.,  from  municipal 
and  ugi-icultural  sources)  cun  cause  deterioration  in  overall  water  qual¬ 
ity.  nutrients  cun  a.i.so  be  released  from  the  sediments  under  anoxic 
conditions.  These  nutrients  can  be  carried  to  the  surface  during  lake 
turnover.  Iii  addition,  witid-driven  currents  can  incorporate  sediments 
and  associated  nutrients  into  the  water  coliunn  in  shallow,  unstratified 
roserviiirs . 

10.  Phytcyi anki.on  growl. li  is  stimulated  by  an  influx  of  nutrients. 
In  s  t  r.u  t  i  fi  ed  resi^'rvo  i  i-s ,  pliytopl  unkters  cont,  i  nuously  settle  out  of  the 
cpLlimniot.  into  t.'.io  tiynol  irinion.  T>ic  loss  of  nutrient, s  from  the 
t.'pi  1  imtri  on  rer-ulting  from  settling  may  limit  further  phytoplankton  pro¬ 
duction,  wherf'-ir.,  t!ie  hyi'o,!  imn  ion  becomes  i  ncrea.s  ingl  y  enriched  as  the 
■iccun.ul  at  i  on  utrl  dc'comnosi  ti  on  of  lu-gatiic  mat.ter  proci?eds.  Vihen  the 
■V'S'-rvoir  der.tra!  i  fi  es ,  th('  niito'ient.s  tliat.  were  restricted  to  the 
i.y:  ;  irrtiiiui  •ire  r^'distribul '^d  in  t-lu'  wat.er  (•olumn.  The  i-elciise  of 
.’:ir''!ents  fo  sui’t'ace  walivs,  wtierc  1  igiit  is  sufficio'd  to  st,imulaLe 
;  •  u'yiittii'si  ,  rosultr.  in  iitcrc-ased  jdiytopl  ankton  pS' •.iuct  i  on  .  In 

i.'..' ‘  ■■•I  *  i  f  i  1  ■  i  r’oLU  rvo  i  r.'. ,  ttiere  is  continuous  circulation  of  t.he  water 
L’":..  '.ii' r  ;  I’nt.s  an:  organic  matt. or  are  readily  rot'ycl’ible  and  remain 

■r.-'i  i  lab!  e  in  :  he  t'roiiuet,  i  vf'  .'ir('ar.  I'or  conti  niiour.  a  ss  in  i  I’l  ti  on  . 


Heihicod  Conipoun'ir. 

.'0.  Ai  ixic  cntui  i  I  i  onr,  found  in  t.he  hypolimnion  ot’  lakes  and  reser- 
V'i:’s  ui)  i;i  i.iip  f.'rm.at,  1  on  of  reduced  riv'cies  of  i  I'on ,  msingnnese, 
riiit’ur,  and  iii‘i''geri.  "Tiese  subs  t,‘i  ticiu;  may  become  i  nui  snnce  to  rec- 
reaMoir:!  and  itidurdi-inl  wil.er  uru'rr.,  and  nay  bo  fictrimontal  t,o  aquatic 
life  when  they  are  releasi-d.  Tticso  rediu-ed  compoiituis  arc  converted  to 
iesr.  iioxioiK',  mnfo  asr.imilabh  compounds  in  fdi'’  oxidising  i.'nvironinent 
of  t.Jie  epilimnioii,  and  f.iicir  effect,  ijc'ie::  not.  generally  persist  for  more 
than  .'d‘  hoiu'.n  Ob.ioci  i  ouabl  e  i  >n  ,  m.^riganese,  nitri.>g(ui,  and  sulfur 
c  'l’ii'  'Hinj.-  seldom  n  problem  in  well-mixed,  unstratified  reservoirs. 
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PART  III:  RESERVOIR  OUTLET  STRUCTURES  AND 
THEIR  IMPACT  ON  THE  TAILWATER  ENVIRONMENT 


21.  Water  quality  conditions  in  reservoir  tailwaters  are  deter¬ 
mined  by  processes  occurring  in  the  reservoir  (discussed  in  the  pre¬ 
ceding  section)  and  the  design  and  operation  of  the  project  outlet 
works.  The  following  brief  discussion  is  intended  to  provide  general 
infoi-mation  concerning  the  design  and  operation  of  reservoir  outlet 
structures.  It  should  be  emphasized  that  each  project  is  unique  in 
design  and  operation;  therefore,  many  project  features  will  not  be 
specifically  discussed  in  this  section. 

Design  Considerations 

22.  Mo  it  Corps  of  Engineers  (CE)  impoundments  fulfill  multiple 
purposes  including  navigation,  flood  control,  hydropower,  recreation, 
water  supply,  etc.  Emphasis  has  been  placed  on  effectively  designing 
and  operating  projects  to  meet  all  ‘ntonded  purposes.  For  approxi¬ 
mately  the  past  IS  years,  CE  reservoir  projects  have  been  designed 
considering  the  water  quality  of  project  releases. 

?3.  Nimer-oijs  <ies;ign  options  are  available  to  assure  that  project 
i-eleases  are  comf.>atible  with  tailwatei’  habitat  objectives.  Most  notable 
is  the  incorporai.ion  of  ri  selective  withdrawal  structure  which  can 
release  water  from  various  st.rata  within  the  reservoir  to  meet  down¬ 
stream  objectives.  For  selective  withdrawal  to  be  a  viable  alternative, 
density  stratification  must  occur  within  the  reservoir.  This  strati¬ 
fication  may  be  due  to  vertical  t.emperature  differences  within  the 
impoundment,  and/or  the  occurrence  of  stratification  due  to  ttie  con¬ 
centration  of  dissolved  constituents.  Those  reservoirs  that  are 
vertically  well  mixed  have  little  need  for  selective  withdrawal.  Typi¬ 
cally,  such  reservoirs  are  shallow,  may  have  a  short  hydraulic  residence 
time,  and  are  often  dominated  hy  surface  wind  mixing. 

pH.  Etratified  reservoirs  provide  an  excellent  opportunity  for 
effoct.ivc  operat.ion  of  selective  withdrawal  structures.  Releases  can 
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be  made  to  meet  downstream  requirements  of  tailwater  fisheries  and  also 
reduce  the  impact  of  flood  control  operations  on  the  tailwater. 

25.  Most  older  flood  control  projects  were  designed  primarily  to 
release  waters  from  the  bottom  of  the  reservoir-  Often,  these  waters 
are  low  in  dissolved  oxygen,  but  because  of  aeration  that  occurs  in  the 
outlet  works  it  is  not  uncommon  for  dissolved  oxygen  in  release  waters 
to  approach  95  percent  saturation.  Releases  from  hydropower  projects 
receive  little  aei-ation  due  to  the  requirements  to  keep  turbulence  at 
a  minimum. 

2^1.  Release  of  minimum  flows  to  meet  downstream  habitat  objec¬ 
tives  is  an  important  consideration  of  project  design  and  operation, 
i’rojects  with  large  bottom  sluice  gates  a'*e  generally  unable  to  dis- 
c’narge  low  flows  since  the  gates  can  not  be  operated  with  the  neces¬ 
sary  precisioti  or  they  vibrate  violently  when  attempting  to  pass  low 
flows  under  high  hydrostatic  head.  This  problem  can  be  overcome  with 
the  ruivlition  of  low  flow  bypass  gates  that  can  regulate  releases  to 
less  titan  1  m'’/sec.  Also,  sluice  gates  can  bo  designed  to  incorporate 
lew  flow  luggyback  gat.er  to  release  minimi.un  low  flows. 


Operation  Considerations 

.  .  Flood,  (a-nt.fo'  optu'at  I  ■ 'll  of  ri  pro.icct  is  designed  t.o  attenuate 
■uid  delay  pi'.akr  in  1 1n'  inflow  hy drog>"ip!i ,  thereby  reducing  potential 
iam.-ig*'  caused  by  i  ncreas.o.i  iownst.t'ean  water  levels.  The  attenuation  of 
pe.ak  flood  flows  is  obt-aii.e.i  by  storing  w.-U.cf  and  releasing  it  through 
t  ime.  Therefore,  the  redu 't.ioti  iti  peak  flow  reruilt.s  in  longer  periods 
of  high  flow  downs t rerun.  In  many  instances,  reservoir  discharges  are 
reduced  as  high  flows  enter  tjpsl.ream  to  permit  the  downstream  tribu- 
t.aries  to  discharge  before  reservoir  flood  waters  are  relcaseri. 

P8.  Flood  rele.-ines  from  reservoirs  are  oft  a  hypolimnetic  because 
the  bottom  sluice  gat.er.  gener.ally  have  the  largest  capacity.  Thus,  if 
epi limnetic  withdr-iwals  were  occurring  prior  to  the  storm  event,  the 
downst.re.-un  area  may  experience  cold  hypolimnetic  release  w.aters  during 
the  nass.age  of  t.he  flood  wat.ers  before  returning  to  epilimnetic  release 


schedules.  If  the  ni-oject  lias  a  selective  with  i  ’aval  st.ructure,  a 
pcn-tion  of  the  feleasos  can  bc"  made  from  neai'  surface  watei's  to  reduce 
changes  in  (iownstre.am  Lemi'eratures . 

.'^9-  liyiiropower  is  generated  by  two  t.yj'es  of  pro,if''tG.  Run-of-the- 
river  projects  generally  provide  baseload  g. -nci-ation .  The  production 
rate  of  power  is  determined  jirimarily  by  the  -Lmount,  of  water  flowing 
into  the  reservoir.  Their  relatively  small  eapacity  precludes  their 
use  in  hydropower  peaking  operations.  The  hydraulic  residence  time  of 
the  water  in  ruti-of-the-T‘ i ver  projects  is  usually  quit  short,  and 
therefore,  the  water  quality  of  rec.ervoir  releases  is  often  quite 
similar  to  that  of  the  reservoir  Inflow.  Hydropower  project, s  asso¬ 
ciated  with  large  reservoirs  are  ideal  peaking  power  plants  because  of 
their  short  re.sponso  time.  Thus,  as  leman  1  I'eaks,  the  tiu’bines  can 
ftencra.to  el  Ci’ti’iei  t.y  altno:-d  immed  i  at.el  y .  iti  /'ener.’il  ,  hydropower  pro- 
,iect  relc'nses  refleot,.  the  demand  r  clectr;  'i';.',  iiscliarging  only 
minirnirn  low  fj'  ws  viui’ing  the  we'>i/(ui(i  and  a'  !  Ig!;"  .  'I'lieca--  rrojects  are 
brouglit  on  1  i  tie  iepending  on  t  h“  oemand  :’'r  p'-wer. 


'.hLmmary 


lO.  ih'fort  s  to  manage  a  ri'servoir  tailwaler  to  !'eflec+  con  litions 
in  an  imri’gul ated  stream  or  river  are  impractical  and  of^  on  impossible 
b<\?au.se  of  constraints  imposed  by  the  design  and  operat  ion  of  the  pro¬ 
ject.  Thus,  the  quantity,  quality,  and  timing  of  releases  creates  an 
environment  whicli  differs  from  a  natural  stream.  Undei'standing  the 
impacts  of  proje^'et  njleases  on  the  tailwater  environment,  as  well  as 
effort.s  to  minimise  dotrimental  effects  and  possibly  improve  down- 
•stream  condi;  '  i.s,  ru’e  eften  determined  by  overall  project  design  and 
operation . 


It 


PART  IV:  PHYSICAL  AND  CHEMICAL  DESCRIPTION  OF  TAILWATERS 


31.  Impoundments  cause  three  major  physical  modifications  in 
natural  stream  conditions:  (a)  seasonal  temperature  changes  are  de¬ 
layed  and  the  amplitude  of  diurnal  and  seasonal  temperatirre  fluctua¬ 
tions  may  be  reduced,  (b)  high  natural  streamflows  are  reduced  or 
eliminated  and  replaced  by  more  moderate  discharges  over  an  extended 
period  of  time;  and  (c)  sediment  tratisp<5rt  is  reduced  (Neel  1963; 
Maddock  1976).  In  addition,  discharges  may  degrade  the  streambed  and 
banks,  resulting  in  "armoring”  of  the  streambed.  Impoundments  also 
affect  the  chemical  characteristics  of  the  difjcharge  including  concen¬ 
trations  of  dissolved  oxygen,  organic  matter,  nutrients,  and  reduced 
compounds . 

32.  The  magnitude  c'f  these  physical  and  chemical  modifications  is 
dependent  on  conditions  witiiin  the  reservoir  (e.g.,  enricliment  as 
related  to  age,  duration,  and  deg.ree  of  tiiermal  stratification;  hydrau¬ 
lic  residence  time;  density  currents)  and  the  depth  and  volume  of  dis¬ 
charge  (Neel  1963).  The  water  quality  of  reservoir  releases  can  be 
further  modified  by  conditions  in  the  tailwater  such  as  groundwater 
inflow,  runoff,  strenmside  vegetation,  and  atmospheric  influences. 

Phyimb^al  Characteristics 


Temperature 

33.  Water  temperatures  in  the  tailwater  are  determined  primarily 
by  climatic  conditions  ami  the  depth  of  release.  Some  tailwatera  are 
subject  to  sudden,  drastic  temperature  changes,  whereas  in  others  the 
changes  are  more  subtle.  Teiiiperat^irc  alterations  frequently  result  in 
the  elimination  of  organii'ms  fr^m  habitats  where  they  might  otherwise 
survive.  Many  aquatic  organisms  present  in  a  stream  have  distinct 
tem])erature  requirements,  and  changes  of  1°C  can  affect  their  existence 

(Britt  1962). 

3^‘ .  Epilimnetic  release  dam:;  on  warmwater  streams  provide  the 
tailwater  with  well -oxygenated  water  near  or  at  atmospheric 


t  etnper.'Ltui’es .  Wai-mwater  fisli  species  found  in  these  tailwaters  are 
well  adapteci  to  r'elease  water  tenperatures .  Pfitzer  (195^)  noted 
little  diffei-ence  in  the  warmwater  fisheries  in  tailwaters  below 
Tennessee  Valley  Authority  d;u;;s  built  on  warmwater  streams  when  water 
releases  were  fi-om  the  epilimnion.  However,  epilimnetic  releases  from 
reservoirs  built  on  coldwater  strecuns  can  increase  summer  water  temper¬ 
atures  in  the  tailwater  and  stress  coldwater  species.  The  temperatures 
rf  epilimnetic  diseharRes  from  Ennis  Heservoir,  Montana,  were  higher 
than  those  in  the  coldwater  stream  above  the  reservoir.  This  tempera¬ 
ture  increase  caused  growth  retardation  in  tj-ui.t  more  than  270  mm  long, 
but  did  not  affect  smaller  fisli  and  invertebrates  (Fraley  1978). 

35-  Water  temperatures  are  Iciwered  below  hyiiolimnetic  release 
reservoirs  built  on  historically  warmwater  streams.  Faunal  changes  are 
genci'ally  moi-e  pronouni.;ed  in  i-ivers  below  these  reservoirs  than  in 
rivers  below  epilimnetic  release  (n-  nonst.rati  I'yi  ng  im]>oundments .  Sev¬ 
eral  investigators  have  noted  roiluctioris  in  wni'inwater  species  caused 
by  coldwater  discharges  below  iiypolimnetic  release  reservoirs  built  on 
virmwater  streams  (Bendy  and  Sti-oud  19*'9;  Edwards  1978). 

36.  Colilwal'.er  discharges  fj-om  deep-release  dams  on  warmwater 
sti’eams  may  result,  in  tailwater  t.emperatures  as  much  as  20°C  lower  than 
the  lemperatui'es  of  unregulated  streams  of  the  region  during  the  summer 
(W.ard  and  Gtanford  1979).  A  10°C  rediiction  in  wat,er  temperature  below 
"loi-i'is  Resej-voir,  Tenncs.soe ,  changed  the  tailwater  from  a  warmwater  to 
a  i.aildwutei*  str'eam  (Ta •’■/'.well  1938).  Average  water  temperatures  11.3  km 
below  Terikiller  Dam,  Oklahoma,  durinr  June  and  July  were  reduced  by 

after  Impoundment  (Finnell  19'>3)-  Reductions  in  water  temperature 
liave  permitted  tiie  establi  siiment  of  f)ut,-and-take  trout  fisheries  in  some 
ta  i  Iw.-itej’.s  that  we/-e  pi-ev  i  ously  too  warm  to  supj/ort  trout. 

37.  During  fall,  liypol  imnetic  discliarges  from  stratified  reser¬ 

voirs  may  provide  warmer  than  normal  waf.er  to  the  tailwater,  effec¬ 
tively  delaying  the  aiitumn  decline  in  temperatures.  River  ice  forma-  ' 

tions  may  be  delayed  during  wint.er  by  lags  in  ter  .  jrature  change,  and  ' 

::ome  tai  Lwaters  may  be  kept  completely  ice-free  by  the  release  of 

bottom  wat.er  (Neel  I963).  Delays  of  20-50  days  in  the  spring  rise  in  : 

j 

I  ■ 


16 


water  temperature  have  alco  resulted  from  release  of  hypolimnetic  water 
(Crisp  1977). 

38.  Seasonal  temperature  changes. are  also  delayed  in  tailwaters 
below  nonstrati fied  reservoirs.  Normal  temperature  changes  are  re¬ 
tarded  because  the  time  required  to  cool  or  warm  the  reservoir  is 
significantly  longer  than  the  time  required  to  cool  or  warm  an  unregu¬ 
lated  stream.  Additionally,  diurnal  and  seasonal  temperature  fluctua¬ 
tions  take  place  in  unregulated  streams,  whereas  temperatures  in  tail- 
water  areas  are  more  nearly  constant,  especially  near  the  reservoir 
outflow.  Marked  reductions  (up  to  80  percent)  in  diurnal  temperature 
fluctuation  have  been  recorded  (Fraley  1978).  Btfore  closure  of 
Flaming  Gorge  Dam,  seasonal  temperatures  on  the  Green  River,  Utah, 
ranged  from  2°C  in  March  to  ,?F°C  in  July.  After  impoundment,  water 
temperature  fluctuations  were  reduced  and  ranged  between  2  and  10°C 
(Vanicek  and  Kramer  1969)- 

39.  Severe  water  temperatur’e  fluctuations  may  occur  below  dams 
during  periods  of  low  flow  or  no  flow,  becai.se  of  atmospheric  influence. 
Such  periods  are  particulai'ly  characteristic  of  hydropower  projects 
where?  changes  in  water  discharge  depend  on  power  demand.  Temperature 
ri\actuations  of  6-8°C  may  occur  2  to  3  times  a  day  below  these  dams 
(Pfltser  1968).  Tf  2  or  3  consecutive  days  of  no  flow  occurs,  water 
temperatures  can  approach  mean  air  temperatures.  The  sudden  release  of 
large  voliimes  of  cold  hypolimnetic  water  during  the  siammer  may  cause 
thermal  shock.  Fish  kills  have  occurred  when  cold,  hypolimnetic  waters, 
with  reduced  levels  of  dissolved  oxygen,  were  suddenly  released  into  a 
tailwater  after  several  days  of  little  or  no  flow  (Krenkel  et  al .  1979). 

^40.  Thermal  changes  caused  by  hypolimnetic  discharge  can  persist 
in  a  tailwa,ter  for  an  extended  distance  downstream.  The  effects  of  an 
altered  temperature  regime  belnw  a  hypolimnetic  release  reservoir  in 
Canada  were  noted  by  the  depletion  of  the  benthic  fauna  100  km  down¬ 
stream  (Lehmkuhl  1979).  Air  temperature,  discharge  volume,  groundwater 
and  tributary  additions,  sliade,  and  substrate  typie  all  play  a  role  in 
modifying  the  tailwater  temperature  as  the  water  moves  downstream.  At 
some  point  downstream,  where  the  influence  of  the  reservoir  lessens. 
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the  interaction  of  these  factors  results  in  the  return  of  the  stream  to 
preimpoundment  conditions. 

Flow 

!4l.  Natural  streams  are  subject  to  larpe  fluctuations  in  flow  as 
a  result  of  variations  in  precipitation.  Seasonally,  flows  are  highest 
in  the  spring  and  lowest  in  the  late  summer  or  early  autumn,  although 
intermittent  floods  may  occur  as  a  result  of  periodic  storms. 

ii?.  Impoundments  can  drastically  alter  the  flow  characteristics 
in  stream  systems.  Tailwater  flows  may  be  relatively  uniform  or  may 
fluctuate  frequently,  dej'ending  on  the  method  of  dfun  operation  and 
dowin;ti-e:Lm  wat  f.u‘  requirements. 

-'loo'i  conti’ol  and  irrigation  dams  generally  reduce  the  mangi- 
tude  of  flood  flows,  and  release  these  flows  at.  reduced  volumes  over 
longer  rerio-h,:  of  t.ime.  The  reduction  or  elimination  of  floods  reduces 
batiV.  ''>'osiori  an;  bed  scour  and  decreases  the  .amount  of  sediment  w,ashed 
in'  the  iailw.ater  from  the  flooded  bottom  l.atuis.  The  resultant  bank 
and  be!  st.’ibi  1  ity  enh'^nces  the  growth  oi'  .anu.'itic'  and  terrestrial  vege- 
t.'it  i  n  (Nec';  10(i-;).  The  encroachment  of  st.reiimsi de  vegetation,  which 
ic  imrortar.t  in  ‘ emperature  regulation,  shading,  and  in  providing  food 
f'U-  i  :ive;'t  f'bra  t  I  a- ,  .-an  further  increase  bank  and  floodpLain  stability, 
il'^wevtu- ,  .a;ch  in.'rease.i  veget.at,  L  ve  encroachment  may  result  in  the 
eventual  loss,  (’f  :  art  of  the  wnter-c.arryi ng  capacity  of  the  stream 
I'h.'innel  thr-i'.ijgli  a  reiiuction  in  ch.annel  sise  (Bovee  1975;  Maddock  1976). 

7’;.  Uniform  fUrws,  below  flood  control  .'ind  irrigation  d.ams  often 
benefit  t  !i''  i nvei’tebrate  community  through  the  est.ablishment  of  dense 
mats,  of  pcriphyt.ic  algae.  These  alg.al  mats  constitute  both  a  habitat 
■ukI  a  f<'H)d  sui'ply  fiU’  benthic  organioms,  inc.apable  of  living  in  a  more 
barren  stre'im.  However,  tliose  mats  m.ay  eliminate  species  adapted  to 
cle.an  rock  surfaces  (Waiai  IOTTh'). 

75.  Flow  f  luctu.ati  i>ns.  .arc  more  frequent  and  of  greater  magnitude 
below  hydropower  d.ams.  tljan  in  ti.atural  streams.  T.arge  daily  flow  fluc¬ 
tuations  often  preclude  t.he  establishment,  of  permanent  streamside 
veget.atinn.  The  .al  tern.at.e  inundation  and  exposure  of  the  streambed, 
cicupleci  with  i-xtrome  vai-iations  in  flow,  m.ay  remove  much  of  the  aquatic 


biota  fT'om  the  tailwater  (Neel  I963)-  A  sudden  increase  in  flow  may 
remove  algae,  macrophytes,  and  sedimentary  detritus,  in  addition  to 
benthic  invertebrates.  Sudden  decreases  in  flow  may  strand  attached  or 
immobile  species  and  result  in  their  desiccation  (Lowe  1979)  •  Overall, 
tile  diversity  and  abundance  of  tailwater  habitat  and  fish  and  inverte¬ 
brate  food  supply  may  be  significantly  reduced  by  radically  fluctuating 
flows  (Neel  I963).  Recent  studies  (Matter  et  al .  I98I)  demonstrate 
that  the  surge  of  water  from  a  peaking  hydropower  plant,  and  resultant 
bed  scour  may  indirectly  benefit,  tailwater  fish  by  making  benthic  foods 
more  available. 

Substrate 

h6.  Because  reservoirs  act  as  sediment  traps,  there  is  usually 
li’*le  sediment  in  reservoir  discharge.  This  loss  of  sediment  in  the 
discharge,  coupled  with  the  removal  of  fine  particles  by  the  current 
below  the  Jam,  results  in  a  tailwater  streambed  composed  primarily  of 
coarse  cobble  and  bedrock.  Ultimately  an  equilibrium  is  reached  be¬ 
tween  the  particle  sise  of  the  remaining  substrate  and  the  stream's 
capacity  to  transport  material.  Upon  reaching  this  equilibrium, 
further  degradaticin  of  the  tailwater  streambed  by  scouring  is  halted 
(Nomura  and  Simmons  19^7 ) .  Increased  flow  rates  below  some  hydropower 
facilities  reduce  bank  and  streambed  stability,  thereby  causing  in¬ 
creased  bank  ei'osion,  streambed  scour,  and  eventually  armoring. 

Smaller  sediment  particles  are  swept  downstream  and  deposited  in  pools 
and  slackwater  areas. 

Turbidity 

1*7 .  Turbidity  can  reduce  or  eliminate  aquatic  life  in  a  stream. 
Decreased  light  penetration  in  turbid  streams  inhibits  the  establish¬ 
ment  and  maintenance  of  autotrophic  plants,  which  may  in  turn  effec¬ 
tively  limit  higher  life  forms  (Ruttner  I963).  Additionally,  sedi¬ 
mentation  resulting  from  turbid  conditions  eliminates  invertebrate 
habitats  by  filling  the  interstices  of  gravel  substrates.  Sedimenta¬ 
tion  may  also  cover  fish  spawning  sites  and  interfere  with  oxygen 
transport  to  buried  fish  eggs  (Fry  i960). 
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U8.  Tailwaterr.  are  usually  clearer  (less  turbid)  than  the  reser¬ 
voir  inflow,  particularly  below  deep-release  reservoirs.  Turbidity 
below  reservc^irs  is  significantly  affected  by  sedimentation  within  the 
reservoir,  density  currents,  discharge  depth  from  the  dam,  and  the  in¬ 
flow  from  surface  runoff  and  tr-ibutary  additions.  Turbidity  was  re¬ 
duced.  lip  t.^  sixtyfold  in  the  tailwater  below  Yellowtail  Dam,  Montana, 
by  the  settling  of  suspended  matter  within  the  reservoir  (Soltero  et  al. 
1971).  Density  currents  carrying  fine  suspended  matter,  however,  may 
s.ometimes  flow  beneath  or  thro-ugti  tiie  main  body  of  water  in  stratified 
reservoirs  and  bo  discharged  directly  into  the  tailwatei’s  with  little 
alteration  within  the  roserviii  r  (Ctiur-chill  1958).  In  these  instances, 
rrineral  concentra t  i ons  and  turbifiity  may  increase  significantly  in  the 
tailwater.  Turbid  conditiotis  may  also  result  from  the  flushing  of 
loor.e  nriteri  al  r.  i  nt.o  t  aoi  Iwa  t.ei'r.  fi-om  unstable  riverbeds  and  streambanks 
d.uriiig  periods  of  liigh  discharge,  and  from  tributary  inflow. 

Clieni cal  Characteristics 

ho,  Ci;e!.';i  cal  pi'opertier  tint  may  affect  the  tfiilwater  biota  are 
■' iio  concentrat  i  on  of  dis.a'lved  gases  (i.e.,  oxygen,  nitrogen),  pH, 
I'ar'icuhate  ■'."ganic  matter,  avail;ible  nutrients,  and  reduced  compounds, 
'i  cause  o'’  idle  variability  of  f;u-tt>rr.  involved  in  altering  water 
anality,  few  genei’a  I  statements  c.an  be  made  that  are  applicable  to  all 
'  a  I  j  w-' f.o!-.- .  Cher, i  cal  nrofH'rlies  of  tile  water  immediately  below  a  dam 
iepirii:  on  wa:'>:-  ipi.a  ;  i  ty  within  tlu'  reservoir  .at  t.he  level  of  release. 

Ar.  'he  wafer  m'  Ver.  devnistroam,  lot'al  conditions  influence  water  quality 
aiie;  1  e:i(i  t  .  ..‘haracteri ('ach  individual  tailwater  (Pfitser  195M. 

Disselye.l  j-as.':', 

SO.  Pi  sr.'ii  vo,i  oxygen.  The  concentration  of  dissolved  oxygen  in 
u.  acpiat  i--  ;-yrd  en  is  itcjH'udent  lart  water  temperature,  biological  oxygen 
demand,  a  f,mo.-,nher  i  i-  exchange,  and  primary  production.  Water  tempera¬ 
ture  del  ei-n  i  ru’s  ‘lie  r.i'lulfi  1  i  ty  cd’  oxygen,  and  thiis  the  amount  of  avail¬ 
able  .xyge:.  i’l  stn, --u;!.'. .  This  is  an  important  factor  in  regul.ating  the 
me' alie]  ie  r'iter,  of  c,  o  ,i-b  ioodt'd  .animals,  since  t.heir  rates  of 
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metabolism  increase  with  temperature.  The  solubility  of  oxj'gen  de¬ 
creases  as  water  temperature  Incre-ises.  At  100  percent  saturation, 
lU.lG  mg/l  of  dissolved  oxygen  may  be  in  solution  at  0°C  but  only 
7.?3  mg/l  at  30°C  (Boyd  1979).  Decomposition  rates  of  organic  matter 
increase  witii  increasing  temperature,  resulting  in  an  additional  deple¬ 
tion  of  oxygen  content.  The  I'ate  of  decomposition  generally  increases 
between  S  and  38°0.  Temperature  increases  ol  10°C  often  double  the 
rates  of  decomposition  and  oxygen  consumption  (Boyd  1979) • 

51.  Host  streams  are  relatively  well  oxygenated  due  to  turbulent 
flows  and  continual  atmospheric  exchange.  In  quiet  pool  ai'eas  with 
dense  algal  vegetation,  diurnal  variations  in  the  concentration  of 
dissolved  oxygen  are  directly  linked  to  the  amount  of  photosynthesis 
and  respiration  taking  place  in  the  system  (Hoskin  1959).  Oxygen  con¬ 
centrations  are  highest  during  the  day  and  lowest  at  night. 

50.  The  concentration  of  oxyren  in  tailwaters  depends  on  the 
type  of  reservoir,  dept.h  of  water  release,  wates'  mixing  liuring  release 
from  the  dam,  and  downstream  flow  c.'jiditlens.  Low  dissolved  oxygen 
concentrations)  normally  do  not  occur  below  sur face-release  reservoirs. 
Water  from  the  epilimnion  is  usually  well  oxygenated  as  a  result  of 
photosynthesis  and  atmosphci-ic  gas  exchange. 

53.  In  deep-release  reservoirs,  biological  decomposition  of 
organii;  mat.tau'  in  the  hiqiolimnion  during  the  sur'mer  may  result  in  the 
discharge  if  poorly  oxygenated  water  into  tlie  tai 'water.  The  Irw 
oxygen  content  of  these  waters  may  not  satisfy  the  biological  and 
ch”rii('al  demand,  especially  if  there  are  aiditiofis  of  domestic  and 
industrial  pollution  downstream  from  the  dam.  (Fish  1959). 

5^1.  Tail  water  oxygon  levels  may  also  he  reduceci  by  the  oxidation 
of  iron  and  manganese  present,  in  hypoiimnetic  releases.  This  reduction 
may  cause  physioli'gical  stress  to  the  aquatic  community  and  further 
c’ lUi^e  tdie  assimilation  of  organic  wastes  by  stream  organisms.  Low- 
xygen  cotriitioiis  nay  also  intensify  tlie  potentially  toxic  effects  of 
itlrT  cheniaal  (’onsti  tuents — including  ammonia  and  hydrogen  sulfide, 
which  are  often  present  in  the  anoxic  hypoiimnetic  water. 


‘'I'i.  Reaerat  ion  of  .looxy<’;<ma^eii  water  can  be  rapid,  and  nerinus 
oxyp;c-ti  depietiona  can  be  avoitied  if  tailwat.er  conditions  arc  such  tha. 
biological  and  chenical  oxyp;en  demands  are  not  excessive.  Wirth  et  al . 
(1070)  documented  a  consistent  concentration  of  7  mp/l  nissi^lved  oxygen 
in  discharges  frc^m  a  dt^er-release  reservoi)-  in  which  the  hypolimnion 
was  devoid  of  oxygen.  Reaeration  during  discharge  is  credited  with 
i;iai  ;ita  i  ni  ng  the  iiigh  dissolved  oxyget!  level. 

So.  The  rate  of  reaeraition  below  deep-i’c'lease  reservoirs  depends 
on  the  turbulence  of  the  flow  in  the  tailwater,  atmosphc-ric  influence, 
aroi  extent  of  photosynthesis  by  aquatic  vegetation  belc'W  +he  dam.  Low 
oxygen  levels  may  persist,  fai-tlier  d.ownstream.  during  p'eak  flow  periods, 
wiu.ui  riffle  areas  rn’e  inundated  and  more  laminar  flow  CfUiditions  exist. 
i'Clow  an  Oklahoma  hydropower  protect,  dissolved  oxygen  concentrations 
were  low  (l.S  mg/1  )  t’or  km  downstream  during  periods  of  moderate 

. :  i  .'.ch'i rge ,  but  oxt.vuided  R  pn;  downstream  (O.O  mg/l  )  at  peak  flows 
(fummeia-  lO'-.';), 

■'’7.  Oxygen  c'cncentra i,i ons  giaoater  than  “1  mg/l  are  generally  pre- 
•t'rro'i  by  mo;--  s,t,ream  fish  (Fry  Ipl^'O).  They  appear  to  survive  well  in 
winu-e  dis;-.odved  oxygen  content  occasional  ly  falls  below  5  mg/l 
a'  a;,-':/  I'.f  ri;'--;-,  -ib.  ve  this  level  during  the;  day.  Certain  current- 
■•i:.*'  1  aqu:;'ic  i  tivert  ebi-.-il  er  can  withstaral  dissolved  oxygen  concen- 
‘  ra-  ;  M'.a:.  !  r-ig/l  if  current,  velocities  remain  high  (Roveo 

■  ot-a  '  . 

‘  .  V.'i.e!;  :  i  1  V' ■  i  oxygen  vieficiencies  occur  in  tn.i  Iwat  c-s  ,  they 

adv-T.-o ;  V  af:’'C)  -he  h.e-i  1  tdi  of  fig.h  throtigh  suffocation,  growth  retar- 
ia*:'a,,  "uii  .i- •..•rr'-i red  iiiaa'i.-e  resistance.  Maorcunvertebrates  may  also 
bo  aiver,-o;y  ••  f  ‘  ,  b-g  t.'terant  organisms  usually  replace  those 

th'!‘  iriv-’  ■it  aa  i  t  hf'  -ire-is  because  of  low  oxygen  levels.  Oxygen 

i  i;.-  -lia*  n.-+  rrea  t  enough  to  rei  ard  fish  growth  generally 

;  I.  ■  iruair  fi.!:  ■  i  riS’ ri  •('op,  ( pruidorof  f  .-itid  Shumway  IQfj )  . 

'  ■>.  ■■  .  "u  ■  rs-i t  ura <  i -Ui .  C,a;'  supersaturat  i on  can  occur  in  tail- 

w-i'r;-.-  wi.'i;  wi‘  r-  is  soil  led,  ,iver  h.i /’;h  dam.s ,  trapping  air  and  plunging 
t.'  ‘hr  :.!.rear.  belrw  where  hydrostatic  pressure  is  sufficient  to 
ir:-r-’'ise  s.ilubiti'v  "f  .-i t.mc.splioT- i c  gase.s  (Weit.kamp  and  Katz  19^0).  The 


hif:h  levels  of  dissolved  gases  produce  embolisir.s  in  a  variety  of 
fishes  and  invertebrates.  The  supersaturated  gases  con.e  ‘'ut  of 
solution  within  the  fish’s  or  invertebrate's  bo.iy  and  forin  bubbles 
urivier  t!;e  skin;  severe  cases  can  cause  death.  The  condition  is  rr;  ,st 
coinri-'ii  ill  tailwaters  below  hydropower  reservoirs  in  the  Pacific  .North¬ 
west  ana  has  been  attributed  to  both  spillway  and  turbine  reJ eases 
'.•■einingen  ani  Ebel  19'r0;  Ruijgles  and  Watt  1975).  drunkilton  ot  al. 

(.i  .ird)  reported  on  the  occurrence  of  gas  supersaturation  in  a  warm- 
water-  taiiwater  in  .Missouri.  Spillway  deflectors  are  reported  to 
effectively  reduce  tb.e  level  c.f  gas  supersaturation  in  water  passing 
over  a  spillway  ( W'eitkarr.p  and  fiats  I98O). 
iiydrcgeii  ion  Gonceritr.ati.,iti  and  alkalinity 

oO.  The  distribution  of  or.ganisns  in  an  aquatic  system  is  deter¬ 
mine,;  to  a  large  extent  by  tire  hyarogen  ion  concentration  (pH)  of  the 
water-.  Jhanges  in  the  pli  of  surface  waters  are  often  brought  about  by 
addition  or  re.moval  of  CO.,  duriiig  pliotosynthetic  activity,  decomposi- 
titCi  of  organic  matter,  and  gas  exchange.  Fluctuations  in  pH,  unless 
ext.-^eriie,  are  not  liarinful  in  themselves,  hut  variations  may  intensify 
or  decrease  the  effect  of  toxic  substances  within  the  water  column 
(Fi-y  i960).  Waters  with  a  pH  from  6.5  to  8.6  are  most  productive, 
and  fish  ^.opulations  are  unaffected  by  slight  deviations  within  this 
raiLge  (Fry  i960).  Additions  of  acid  mine  drainage  or  industrial 
wastes  may  result  in  extreme  deviations  from  these  acceptable  limits 
and  stress  some  aquatic  organisms  (Edwards  1978).  Aquatic  insects 
have  been  shown  to  have  little  tolerance  for  pH  below  U  (Canton  and 
Ward  1977).  Effects  on  fish  become  lethal  when  the  pH  falls  below  7 
or  I’ises  above  11  (Swingle  I96I  ) . 

61.  Diurnal  fluctuations  in  pH  of  unpolluted  surface  waters 
are  reduced  through  buffering  by  an  alkalinity  system  of  carbonates 
and  bicarbonates,  and  the  degree  of  buffering  effectiveness  depends 
on  the  concentration  of  these  substances  in  the  watershed.  Total 
alkalinity  may  range  from  less  than  5  mg/?,  as  ilaCO^  (little  buffer¬ 
ing  capacity  present)  to  several  hundred  milligrams  per  litre  (Boyd 

1979). 
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rr'-xiuct i vi ty  In  natural  waters  is  related  to  their  total  alkalinity 
( '.'irait'r  lOdO;  Hayes  and  Anthony  I96U).  Waters  within  an  alkalinity 
r.'‘nr,e  of  ,'0  to  hOO  rnf'/ 1  are  Ronoraliy  considered  biologically  more 
la-oiiucti ve  than  those  with  hip.her  or  lower  alkalinities  (Moyle  19^*5). 

oM.  There  aaa'  no  ap['?ii-erit  trends  in  pH  and  alkalinity  values  in 
la  i  Iwat.err ,  otlier  t  )ian  r.easonal  e}i:inr:es  broiif:ht  about  by  thennal  stra¬ 
tification  (V'inicek  1 9i"T ;  i'earson  and  Franklin  19('''').  n'li-terial  de- 
composi  t  i(^ti  of  ''rpanic  matter  in  the  hyi'olimnion  increases  the  concen¬ 
tration  i' r  earb.n  dioxide,  tdiereby  I’educinp,  tlie  i  !'.  in  the  tailwater. 
Turbulence  in  l.aiiwaterr  1  ncreares  fcas  exeha.nre,  which  reducer,  the  con¬ 
cent. !'a.t.  i  on  of  carli.'ii  iioxide;  conr,equent.ly  ]iH  ri:;es  as  tlie  water  flows 
d.ownstre.'un .  Alkalinity  values  in  t.ailwaters  beiow  hyi'ol  jmnetic  releast? 
reservoir;'  aT-e  reduced  diiririj':  spring  runoff  but.  increase  duT-inp:  the 
summer,  when  t  lie  nse-rvoi  rr.  bc’Ccme  tdicrmally  stratified  (Vaiiicok  19t^’7; 
Charlc-c  nrri  Mi-heinorc  197i;  lianttan  •ukI  Younr 
P.'i.rt  i  culfite  or,qn.ni  matter 

63.  'i^art  i  cul  at.e  orp;atiic  matter  (POM),  t.he  organic  component  of 
!  he  ;'er,tori  (Cole  1975) ,  is  the  m.ain  food  sip-piy  for  det  ri  t  i vores  in 
nntur.a.l  stre.airi  ecor.y;3toms .  Coiricent  ration;',  of  IdM  present  in  .'i  .itream 
•■u'e  often  pi.)silivoly  correlated  with  flow  ['.al.e;',  which  are,  in  turn, 
determiiT'd  by  (lie  .-uriount  of  rainfall  in  tlie  wator.shed  (Webster  et  al . 
1070).  Concentrati onr.  iif  POil  .are  hifthost  liurin;:  leaf  fall  in  autumn 
.'uid  this  source  is  ;o-.a.dtial  1  y  dei'lt'ted  frijin  the  stream  during  the  rest 
'f  the  year. 

The  PtlM  Tiiay  In-  r.cp.ar.a l.od  intc'  c(virr.e  .anti  fine  fract.ions.  The 
ciaia'cr  m.at  ci'i  .al  r,  ten.l  to  move  only  a  stiorl  di:tttin(’p  downstream  before 
t.hey  .are  t,ra,ri'od  by  c.b;'.triK't,ioiis  and  reduced  in  size'  by  mechanical  and 
bP  ilop;  i  ca  1  in'(.ce;’.r.es .  The  finer  ptirficles  are  generally  carrleti 
fartiier  downs. t. re. am  uni  i  I  a  r<’ducti<'.n  in  tlie  flow  velocity  allows  the 
ptirticles.  I  I'  sett  ie  out. 

Ps.  Pcoj.-rel  t'a;to  reservoirs  reduce  the  tr.ansport.  of  most  sus¬ 
pended  PtiM  t.i  t.ho  r.tr-i'.am  beiow.  p.ettling  ;ind  decomposition  in  the 
rosi'rvoir  m.ay  remove'  70  t.o  90  I'ercent  of  the  particulat.e  organic  matter 
introduced  fi'on  t.he  wat.ers.hed  (hind  1971;  Armitcige  1077).  Most 


a  1  liH'iit.holh'U'.'.  ociVU!  i  ina*tof  ir,  wasl’.ed  into  the  renervoir  durinp;  hip;h 
wint  'f  oi-  in,-’  flown  and  in  subr.equently  decomposed  and  transformeti 
i!it.i  dis'.'.olvod  nui  i'ients  diirinp;  the  period  of  summer  sl.rati  fication 
( Wei'S  (  or  e:  ai.  !9'/'0).  Tlio  loss  or  reduet. ie.n  of  tdri  s  food  sujij'ly  for 
i'ae  T  i  •! ,  t'uii;';,  -md  eei’tain  r’i;icroinvertel);vi  ir  c-ni  tlio  abun- 

I'iuor.'  o:'  t  iiese  orrani  s.rns.  in  the  ta  i  1  wfi  lers .  Deni-ity  eurrenf.s  witii  hir:li 
.■'Vr'ls  ;■  I'O’''  !:i.'!y  'Mow  tdirrnirli  rose  f.-o  i  r;' — iniiiertir'a  Ui ,  t.iirour.h,  or  above 
the  ier.iy  of  w-ilr-r — and  lie  d  i  si-i'.ar-,''.>'i  intr'  Ids'  ‘-lilwat.er,  find  when 

•his.  or-eur.i  eiineiMit  raM  i'll  ep  piif.i  in  t  ij,.  t.a.  i  t  wat.  r  i  lu'rea  s,es  . 

•>'.  Ill  (.'oai  r-ist  ,  SI.  ••  :'aei'-)-(.-l  I'asi.  ■  V' 'sei".''  i  rs,  t.eni  id  ini’ri'.asc  the 
e  la'r'til  ra ;  i  'll  .f  roM  in  '(i.-  iai’witi’r  !  iiroUidi  Mie  disetiarre  iif  larf.o 
I'eini  1 -i  1  i  iiiis  of  iS'S.' .'tii  I,'  1  !  a  :.k  •  i'll  iroiluee.i  in  t.ht'  i-n  i  1  imni  on  of  t.hc 
reservi.i  i  f .  Tlie  a.nii>uiit  I'f  elanklon  i-eeolV(.''i  from  the  rr'servoir  fluctua- 
*-<'s.  s.oasonally;  it  is  rreales.t  .iuriiir  I'eak  iroduc*  ii'ti  periods  (turnover) 
in  speitp':  a.mi  fa!!.  Mii'ro;s'st  I'li  in  '..iie  epi'inont.  of  hakr'  I..n,uriil  , 

(!a,l  i  I'iirnia,  was  8'.-  peri'ent.  rsu'e  .abutiiiaiit,  th.'iii  t.ii.at  in  Mu'  inflowinp 
s.t.reain  (Maeiolek  aiui  funs,  i  i'li  .'').  ’-'iit.er  feeiiiiir  invert. r^br'if.cs  may 
flou'ish  below  thesi-  op  i  1  i  imiel.  i  e  rolotisr'  la's.i.'rvc'' i  I'S  due  t,o  the  in- 
cre.a; ‘'ii  availability  of  I'.a r t.  i  iM  o;'. . 

■'■'l' .  Cciiioont  ra !.  i  I'lis  iM'  TdtM  in  tallwatcrs.  bolow  i-esorvoirii  with 
siiort  hyd  r.aul  i  e  ri'si  dr'ina'  i.imi's  nay  not  di'M'cr  subs.t  ant.  i  al  1  y  from  those 
in  r- 'Sorvoi  r  in!'.  'Ws .  iMiort.  Iiy.i'-.aul  i  i'  rosidonce  t.imc  doe.s  not,  allow 
.•  .  I'f i  i- i  ent  i  irs'  f’  r  pm "1  uM  i  !'>ti  of  lUiourh  I'hytoplankt.on  or  settlement 
■ind  It.'r'omn  'S  i  ‘  i  i'll  I'i'  ('!ii'U;:h  ituspr'iidod  orftanic  mat  ter  to  si  ftni  f i  cant  ly 
alter  t  h'  I'tf!  iMiict'i'.i.rat  i.-ii  received  by  tlie  tailwater. 

Hi  it  r  i  ”11!  s. 

1'  .  'M '..•r.-i  1  s  aii.l  iiut.rii'iits  c)i.ar.a,i'ti'ri  ntic  of  t.ho  surrounding 
wa  t  r'rs.tieri  -iri'  i'-irrii'il  int.o  st.ro.ams.  by  surface  runoff  .and  ti-ibutary 
intMiiw.  Till'  .'ijt'.riunf  iif  nut.rieut.s,  maiie  available  to  a  reservoir  liopends 
'll;  Itu’  na.t.uro  of  I, tie  soil,  ajnount  I'f  rainfall,  local  agricultural 
I'rai'i,  i  r'os. ,  and  dr^imostic  atnl  i  luiurd.r  i  a.l  sowape  input. s.  einnificant 
siiort.-‘ orm  i  ncrr'.ases  in  minerals  anii  nutrients  durinp:  picrii'iis  of 
intens.i'  lanie.f;’  are  eiia.r.ac  tc'r  i  st.  i  e  of  unall.ert'd  stri'ams;  whereas  wat.ers 
I'r'loa.s.ed  from  rc'serv.ii rs  an''  more  unifr'irm  in  mineral  and  nutrii'nt. 


I'onteiit  (Wirt-h  et  al .  1970).  Nutrient  enrichment  of  a  tailwater  is  a 
function  of  the  enrichment  of  the  reservoir  above,  reservoir  stratifi¬ 
cation,  depth  of  release,  and  hydraulic  residence  time. 

69.  Stratified  reservoirs  that  have  surface  outflows  trap  nutri¬ 
ents  in  the  deep  hyyiolimnetic  waters  (Vilright  I968)  .  Total  dissolved 

r. olids,  nitrogen,  and  phospliorus  concentrations  decrease  in  the  epilim- 
nlon  (.luring  ttu'  summei-  tlirough  the  assimilation  of  these  nutrients  by 
seasonally  increased  phytoiilankton  populritions .  In  addition,  adsorp¬ 
tion  to  clay  particles  and  subsequent  settling  may  reduce'  jilK'Sphoroui-. 
concentrations  in  the  cp’limnion.  Moribund  plankton  from  the  epilim- 
nion  and  organic  material  carried  by  the  inflowing  water  continually 
settle  out,,  enriching  the  hyj)^)!  imn  i  on  as  deconijiosi  tion  and  nutrient 
t.ransformation  takes  place. 

TO.  The  retention  of  nutrient  rich  hypolimnetic  water  may  in¬ 
crease  tlu?  potential  productivity  of  the  reservoir  (Murphy  19^7’); 
iu'wevt'r,  continual  inflows  of  dissolved  and  suGT)ended  nutrients  may 
I’esult  in  a  noticeable  deterioration  in  water  quality  (Johnson  and 
Porst  1969) •  The  biological  productivity  of  the  tailwater  below  a 

s, Lratifi(d  surface-release  reservoir  is  I'cduced  during  the  summer 
because  of  the  decrease  of  disr.olved  nutrients  in  the  dischai'ge.  Tn 
the  fall,  however,  after  the  reservoir  becomes  vertically  mixed  and 
nutrients  arc  unifoi'mly  disti’ibuted  in  the  water  column,  the  avail- 
.■ibillt.y  <>f  tmtrienls  in  tin-;  tailwater  is  increased  and  productivity 
improved . 

71.  Deep— ri.' lease  reservoirs  discharge  the  nutrients  which  accumu¬ 
late  in  tile  hypol  itnnioti  during  stratification.  The  reduced  oxygen 
concent  ration ,  resulting  from  decomposition,  enhances  the  accumulation 
of  dissolved  nutrients  (Hannan  and  Young  197^).  As  a  result,  more 
nutiv'u  nts  are  discharged  from  tlie  hypiolimnion  in  the  form  of  readily 
us.'iblc  ammonia  .and  dissolved  phosphate.  The  release  of  clear,  nutrient- 
rich  water,  moro'  fert,  ile  than  th.at  released  from  the  surf.ace,  often 
results  in  inci'eased  productivity  in  the  tailwater.  Ob.iectionable 
ta,ste,  ('dor,  ;ind  excessive  algal  production  are  often  associated  with 
these  releases.  Dense  alg.al  mats,  sometimes  established  below  these 
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rosorvoi  I';;  ;i;'  a  result  of  the  inereHSeu  mil  ri  entr. ,  are  usually  asso- 
eiated  wit.h  itierear.ed  mmiberr  "f  i  iivtu-tebiMter, ,  providinf'  a  food  base 


fcu’  ta  1  Iwa  ta'r  fish.  Tnereasta!  alfpil  prowth  and  the  subsequent  increases 
in  inai'i'o  i  tivi'f  ta'bra  tes  ran  aid  in  t  lii.'  esi  ab  1  i  rdunent  of  a  trout,  fishery 
(I'fit.r.er  lOn'O. 

Reduced  compounds  in  tanwat.err- 

Tf.  hyp  '  1  iinnet  i  c  d  i  sciunn'er  nay  contain  iiiph  concentrat  i  ons  of 
reduct'd  ii'on,  nianp.atu'se ,  r.ulfur,  and  amnonia  prc>ducf?d  by  naturally 
(^ccurrinf'  anaerobit'  prt.'ci'sser. .  hipli  concentrations  of  the.se  rnat.erial.s 
itia.y  bt'  toxic  t.o  ta.i  Iwat.ei'  biota,  or  affect  cort.ain  life  stares  at 
subl('t(ia.l  K'vels,  (l.eluiikulil  !0'|'o)_  !'i  c.;:c)lut  ion  t'f  tlit.-"  substances  from 

tiie  st'i  1  and  d<'coinpo:u'd  orrani  '  nat,i.>'r  tu't'urs.  in  the  reservoir  when  tlie 
hypo  1  i  inni  eti  bet'cnier.  anaerobic  and  t.lie  r<'dox  potential  is  lowered.  A 
combination  of  thtnu'  t'li'nents  nay  havu'  a  r.ynerci  st,  i  c  effect,  so  that  no 
one  el^'nent  er  corrcv  nisi  is  solely  I'espiinscibl e  for  toxicity  to  the  biota 
Ui.  M  (Ir  i '.'.'.■.I  c  ,  Auburn  Univcr".ity,  un|'ub  1  i  sheet  manuscript).  The  re- 
leas,  of  aniixic  hvf'o  1  i  miu't.  i  c  wat.er  may  product,'  combinations  of  toxic 
oLei’ienls  that  tiorna  ll.v  woubi  not  bt'  pi'cr.cnt,  in  una,ltei’ed  streams  or  in 
t'pi  limnetic  I'elcasc  t.ailw.-iti'rs. 

Iri'ti  a:ul  manranest'.  .''tilublt'  rt'ducet]  ftu'ns  of  iron  and  man- 
fpani'se  beriti  t,o  iixidize  upon  release  frt>m  the  reservoir  and  precipitat.e 
i’l  t  h'C  ftinn  t'f  ftu'ric  ami  manganic  hytlroxitles  that  nay  stain  concrc'ti' 
arui  rot'k  surfat’es  in  tdu»  i-a.i  1  waters .  Tht'st'  potu'ly  stbublt'  liyiii’ous 
metal  cixitics.  art'  a  nuisance  t.ti  tlt'wnstre^uii  miinit-ipal  watt"’  treatment 
plants.  It'posit.s.  t'f  thes.e  hydroxiiics.  on  t.lic  r.ubst  rate  below  hyq'ol  im- 
ni't.it'  I’t'Ii'ast'  fi'St'rvt'i  rr.  nriy  a  1  st)  affect,  the  numborr.  ami  types  of 
orr, an  i  sns  prest'tP  .  Ilttwt'ver,  (du.'  efft'ct.s  cif  t.lu'S.t'  deposits,  have  not 
ht  Ti  sn  ffi  t’ i  I'lit,  I  y  it 'cuinenl  eti  (Krenkel  et  al  .  1979). 

T'l.  Iron  t'ttnccntratitins  in  neutral  or  alk.-iline  waters  usually 
i',-i,nr,i'  from  O.OS  t  ti  O.PO  mrj  \  (lltuimn  ami  bee  Ib^O).  The  luRhest  accept¬ 
able  concent  T’, 'll,  i ons  t'f  i  rtui  are  0,30  mf;/J  in  domestic  water  supplies  and 
I  .  00  nf'/l  for  freshwater  ntjuat-ic  life  (U.  H.  Environmental  Protection 
Ar/'iicy  1976). 


TO.  The  chomie:il  characteristics  of  manganese  are  similar  to 
those  of  iron;  however,  manganese  has  a  slower  oxidation  rate  and  forms 
moi-e  solnble  salts  tlian  ii’on.  Manganese  concentrations  arc  not  as 
effectively  eliminated  from  the  water  column  by  precipitation  (Wetzel 
19Th).  Soluble  forms  of  manganese  are  therefore  more  persistent  in 
tailwat.ors.  Below  stratified  deep-release  reservoirs,  manganese  con¬ 
centrations  may  exceed  1  mg/l ,  which  is  greater  than  concentrations 
found  in  most  freshwater  environments  (Churchill  1958;  Martin  and 
nt2'Oud  19Yi).  Concentrations  less  than  50  tg/l  have  been  found  to 
inhibit  green  and  blue-green  algae  in  stre;ims  and  to  favor  diatoms 
(Wetzel  1975). 

76.  Hydrogcii  sui  fi de .  Occurrence  of  hy<irogen  sulfide  in  hypolim- 
notic  discharge's  is.  the  rosi.lt  of  the  anaer'obic  bacterial  decomposition 
oi‘  organic  i-u !  fur  coripounu's  and  the  reduction  of  sulfates  t  o  sul  fides 
wi  tlri  n  tile  roL-.ervoir.  Hydror.en  r.ul  fide  concotitrations  ai-e  highest  and 
inta-l  t,.'xic  und.'r  aci die  concitions  (low  pH).  In  neutral  or  alkaline 
wa'orr,  the  r.uli'idor.  comlu!!.'  with  iron,  forming  insoluble  ferrous 
sulfide,  which  nrec  i  I  i  t. 'll  or  from  the  water.  Thus,  hydrogen  sulfide 
a;.'i  ea.rs,  aily  when  I'i!  '  r  i  ow  and  oxygen  content  is  near  zero,  or  when 
al!  available  i  ron  lias,  be.'n  prec  i  :•  i  tuted  from  neutral  or  alkaline  water 
(;’;vT;ons.  ct  r.  I .  '  Ot',!. ) . 

it  i  s.cha)';'cs  with  hydrogen  i'.ulfide  concentrations  above  0.007 
i’.;-/ i  have  an  objectionable  odoi-  and  may  result  in  fish  kills  and  in  a 
rediic  t,  i  c>:.  in  iivca'si'y  'f  bc-rd  her.  and  algae.  Cmith  et.  al  .  (I9i’<^) 
I'erci'tei  a  '''-b.diu’  h ^  of  0.019  mg/l  for  bluegill  eggs  at  Tl.Q'^C  atid 
a  )e-lieur  l.C,  0.0).'.  m,'/l  f,.r  adult  bluegills  at  19.6-70. 7°C.  Fisli 
.ije-O'i'r,  and  adverse  benthic  rer.pi'iir.er.  liave  been  .att.rlb  ited  to  hirli 
l.'V'.  is.  i'f  hydrog<'n  mil  fide  ('Wright,  1968). 

I'd'.  Armuini.a,.  Ammonia  nitrogen  (Hll.,-N)  is  a  by-r.roduct  of  organic 
:•  e,  .fuos  i  t  i  on  (CoJ  '  L975).  in  s.ome  s  i  t-uat  i  ons ,  de-pending  on  the  pH  of 
f.tie  water,  riH-,  may  be  t.oxic  to  living  org.anisms.  Concentration  of  NH,^ 
i  nc  ,-.'.a  si'.s  as  pU  increases,  and  WH^  is  most  toxic  wlien  both  dissolved 
ixygen  ,a,nd  carbon  dioxide  levels  are  low  (Boyd  1979).  Toxicity  is  also 
af!’ecied  by  t  I'mpc'r.ature  .and  alkalinity  (Lloyd  and  Herbert  i960). 
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Concentrations  between  0.6  and  2.0  itiR/l  are  lethal  to  fish  after  short¬ 
term  exposure  (buropea.n  Inland  Fishery  Commission  1973,  in  Boyd  1979). 
Pathological  changes  in  fish  organs  and  tissues  have  been  noted  after 
continuous  exposure  to  sublethal  concentrations  between  0.006  and  0.3^^ 

(‘.'i.’iith  and  Piper  1979,  in  Boyd  1979). 

79.  In  late  s.immier  or  early  fall,  the  i-oncentration  of  NB^  ir - 
creases  in  the  anoxic  hyiioliinni  on  of  stratified  reservoirs  as  the 
result  of  extensivi'  anaei'obic  decoinposition  of  organic  matter.  Addi- 
t  ienal  ili[  ,  may  be  released  from  the  bottom  sediments  or  may  be  carried 
inte  t  iie  hyp.  >1  imni  on  by  density  currents  (Hannan  1979).  Consequently, 
:u’u-i!'iiia  ci.)ncentrationG  in  tailwaters  below  hypolimnetic  release  dams 
tend  to  incia.'ar.e  duritig  Jate  sunmier  or  early  fall.  Ammonia  concentra- 
ticiiis.  als.>  increase  in  tailwaters  below  cpilimnetic  release  d.-uns  during 
Call,  a-'tt'r  tile  fall  overturn. 
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PART  V:  METABOLISM  AND  TROPHIC  STRUCTURE 


80.  The  acsembliiRe  of  organisms  living  in  a  particular  reach  of  a 
tailwater  may  he  consiiiere(i  a  biotic  community.  In  this  community,  the 
interactions  between  the  various  types  of  or-ganisms  (i.e.,  primary 
producers;  primary,  secondary,  and  tertiary  consumers,  etc.)  are  based 
primarily  on  their  nutritional  requirements  and  feeding  habits.  The 
complex  nutritional  and  energy  cycle  that  results  from  this  interaction 
is  often  referred  to  as  the  trophic  system,  wittiin  which  each  type  of 
organism  occupies  a  particular  level. 

81 .  Energy  enters  the  tailwater  trophic  system  in  the  form  of 
light  energy  and  nutrients  and  detritus.  These  materials  are  used  by 
the  primary  pi-oducers  ami  constmierr.  that  make  up  the  lower  trophic 
levels  of  the  system.  Energy  is  progressively  transferred  upward 
tlirough  the  system  wlien  the  organism.;  in  tliese  lower  trophic  levels  are 
eaten  by  the  secondary  and  tertiai'.v  consumers  tiiat  make  up  the  higher 
trophic  levels. 

3.'^.  An  the  energy  is  t>-ans fc'freii  from  one  level  to  another, 
losses  result  fm.'m  the  parti.-il  us.e  of  the  available  en'''rgy  required  for 
maintenance  and  rejiroduciion.  Generally,  eacli  successive  trophic  level 
co!itains  only  about  10  percent  of  the  energy  rivailablo  to  the  preceding 
.u;>:  ( 'Rus.sell-Huni.er  1970).  Tiie  net  result  is  tl.-it  only  a  small  per¬ 
cent, , a.-, ■  laf  the  'figina!  ('nergy  is  a/ailtible  at  the  highest  trophic 
leva].  Great.-!-  biomass  |iroduction  at  the  primary  level,  enabled  by 
i  ricre'!.-.'!  inptil  (e.g.,  primary  production,  detritus),  usually  results 
in  g'-e-it bi.imass  production  at.  the  liighesi  trophic  level  (Bovee  1979). 

Stream;; 


hi.  In  ;•  t.fi -a.ms ,  met.abolic  e-sscritials  .are  not  recycled  and  must  be 
eonst.ant.ly  supplied  from  upstream  sources  or  streamside  vegetation. 
Metabolic  aetivit.y  .and  productivity  are  additionally  governed  by  the 
composition  -md  sour-ces  oi’  the  nutrient. s  entering  the  stre.am  and  how 
-  ■ i  c  i  ent.l  y  they  are  ut,ili;-,ed. 
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8U.  Stream  organiams  take  up,  transform,  use  and  release  organic 
materials,  thus  acting  as  processors  of  the  organic  material  passing 
through  the  system  (Fisher  19TT).  Fish,  the  largest  organisms  in  the 
stream  community,  usually  represent  the  top  level  of  the  food  chain. 
Tlieii'  abundance  reflects  the  quantity  of  primary  and  secondary  produc¬ 
tion  that  takes  place  in  iower  levels  of  the  trophic  system. 

85.  The  organic  content  of  a  naturai  stream  system  comes  from 
all(3chthonous  and  autochthonous  sources.  The  metabolism  for  both 
sources  is  based  on  the  suppiy  of  detritus  which  is  used  as  food  by 
detritivores  and  omnivores  and  furnishes  dissolved  nutrients  to  the 
pi’imary  producers.  An  allochthonous  system  (heterotrophy)  is  based 
primarily  on  organic  material  that  is  cari-ied  into  the  system  from  the 
watershed.  Autochthonous  systems  (autotrophy)  derive  their  energy  from 
pliotosynthesis  t  liat  takes  place  in  the  streambod.  These  systems  are 
most  representative  of  slower  flows,  which  enable  a  buildup  of  peri- 
pliy*'.ic  vegetation  and,  occasionally,  vascuiar  plants. 

86.  In  contrast  to  the  source  of  organic  materials  in  most 
ecosystems,  that  in  streams  is  derived  primarily  from  allochthonous 
sources  (H^Ttes  1970;  Cummins  197^).  A  headwater  stream,  for  example, 
may  derive  99  percent  of  its  energy  inflow  from  allochthonous  origins 
and  the  remaining  1  percent,  from  photosynthesis  (Fisher  and  Likens 
197  ■) ;  Camir'.ins  197^).  Higher  order  streams  may  also  depend  on  alloch¬ 
thonous  sources  cf  energy. 

87.  As  rnucli  .as  60  percent  of  the  total  organic  matter  taken  into 
the  stro'UTi  from  al  1  ocht  horious  sources  may  be  in  the  form  of  leaf  litter 
(Cummins  197^.  Additional  allochthonous  materials  may  be  in  the  form 
of  twigs  and  shoreline  debris  or  dissolved  nutrients  from  watershed 
runoff.  Leaf  material  may  be  found  in  suspension  in  the  stream  or 
deposited  on  the  stre.a.mbed  (Minshall  I967).  The  loaves  are  rapidly 
C'jlonized  by  fungi  and  bacteria,  which  aid  in  processing  the  material, 
into  fine  particles  and  dissolved  organic  matter.  The  dissolved 
nutrients  I’cle.ased  during  decomposition  are  then  available  for  use  by 
primary  producers.  The  colonising  fungi  and  bacteria  are  in  turn  used 
as  food  by  the  shredding  and  scraping  invertebrates  that  are  involved 
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In  the  mechanionl  aspects  of  leaf  decomposition.  The  fungi  and  bacte¬ 
ria  may  be  the  primary  source  of  nourishment  for  these  invertebrates, 
since  some  leaves,  have  been  shown  to  be  of  little  food  value.  These 
invertebrates,  in  turn,  make  up  the  primary  prey  of  predators  in  the 
iiigher  levels  of  the  tre.iphic  system  (Cummins  197^). 

The  structure  and  complexity  of  the  benthic  community  may 
ihringe  wii.h  t  lie  amount  and  variety  of  plant  detritus  present  in  the 
system  (Egglishaw  19^9;  Mackay  and  Kalff  I969).  As  the  organic  material 
breaks  down,  the  variety  of  food  becomes  more  diversified,  producing  a 
similar-  response  in  the  invertebrate  community.  Seasonal  shifts  in  the 
diversity  of  the  stream  invertebrates  are  related  to  changes  in  food 
su['ply  and  other  natural  changes  during  the  life  cycle  of  the  organisms 
(Mackay  ami  Kalff  19^>9). 

89.  Since  many  aquatic  invertebrates  are  able  to  process  organic 
matter  at  low  temperatru'es ,  muc'h  of  the  organic  material  in  streams  is 
used  during  fall  and  winter.  However,  not  all  of  the  organic  matter 
entering  the  system  during  fall  is  used.  Some  of  the  material  is 
■itored  in  the  slower  depositional  zones  of  the  stream,  where  it  remains 
until  used  by  the  stream  biota.  These  zones  act  as  energy  reservoirs 
and  hel{.'  maintain  the  biota  annually.  Material  in  depositional  zones 
may  be  redistributed  during  flooding.  This  redistribution  may  be 
imjiorta.nt  in  slow-water  zones,  in  reducing  the  occurrence  of  oxygen 
deficiencies  that  coulii  develop  daring  extended  periods  of  reduced 
flow. 

90.  Autotrophic  production  varies  as  a  result  of  differing  envi- 
runment.-il  sitnation.s  (e.g.,  changes  in  sliading,  turbidity,  water 
velocity,  rnid  water  chemistry).  Autotrophic  production  is  greatest  in 
s.t, reams  witli  little  shading  from  streamside  vegetation,  and  in  small 
s'-cerims  in  forested  areas  before  and  after  formation  of  a  leaf  canopy 
(st'ring  and  fall).  Photosynthetic  activity  is  greatly  reduced  in 
h-'-ivI  Jy  shads’d  streams,  even  when  adequate  amounts  of  nutrients  are 
avi  i  1 ab 1 o . 

9!.  Autc)trophy  may  be  the  major  contributor  to  the  energy  budget 
of  I'irgc  rivers  or  snail  uncanopied  r.t.reams  (Minshall  197^).  Removal 
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of  a  canopy  results  in  n  shift  from  a  heterotrophlc  to  an  autotrophic 
system,  as  stre;im  temperature  and  photosynthetic  production  both 
increase  (Ceii-oth  and  Mar/.olf  19T8).  Photosynthetic  activity  by 
peri  phytic  alp.ae  takes  place  primarily  in  shallow,  well-oxygenated,  and 
well -lit  stream  bottoms.  The  periphyton  is  usually  the  first  auto¬ 
trophic  component  to  become  established  in  a  stream,  and  is  most  preva- 
Lent  where  flows  are  least  variable.  Phytoplankton  become  dominant  in 
rivers  and  large  streams  where  depth  and  turbidity  inhibit  benthic 
t  roduction  by  the  attached  algae  (Fisher  and  Carpienter  1976). 

92.  Fast.er  current  velocity  in  riffle  areas,  as  opposed  to  pools, 
results  in  increased  rates  of  net  primary  prociuctivity  (Kevern  and  Ball 
Steel'  diffusion  gradients  between  plants  and  available  nutrients 
are  foianed  in  the  fast-flowing  water,  allowing  for  more  rayrid  assimila¬ 
tion  ^)f  vi  :.:il  sulistaricos  by  the  at  ta,ched  algrn^  or  macrophytes.  Because 
v'f  tliese  s' t:ep  d  i  f  furi  .ui  gradients,  many  algal  r.pecies  grow  best  in 
swift  curiants  (>it  cin/r.oc)  (Vlhiteford  I960).  ’‘’hos’ph'Wus  uptake  may  be 
over  111  times  gr’-'ater  ativl  i-espi  ration  over  TO  percent  greater  in  swift 
water  (l',  cm/scc)  than  in  still  water  (liThitford  anci  Ochumacher  I96I ) . 

b-,.  Dense,  feltlike,  dark  green  or  brownish  communities,  con¬ 
sisting  nii.u’.tly  '^f  diatoms,  may  be  est.abi  i  sh.ed  in  streams  with  swift 
current.'--  (McTntire  I966).  Diat-'ms  fiuch  as  Gornphonoma ,  Diatoma,  or 
ilavi  cul  a ,  wlricii  j-'-ejuire  high  ligtit  intensities  and  solid  substrates, 
a!'!'  comrii'nly  t'ound  in  swift  strea.ms  in  association  witii  filamentous 
algae  such  as  CladophoT-n .  The  •iccumulation  of  attaclied  algae  on  gravel 
•ind  ?-ubble  is  more  rapid  in  fast,  currents,  but  the  growth  stabilizes 
after  a  time  an  i  the  tota.!  biomass  per  unit  area,  is  similar  to  that  in 
s  1  r)wcr  currents.  however,  higlier  product,  i  vi  ty  is  maintained  in  the 
:’-i:der  current,  allowiii.-'  •>  greater  expoi't  of  biomass  (Meintire  1966). 

9^- .  Glow  currents  (-^  Id,)  cm/sec)  may  allow  associations  of  green 
i  1 -imentous  algae  (including  Gt  i  geocl  oni\im ,  Oedogonium ,  and  Tribonema) 
te  lovelopi  (Meintire  I966).  These  a,s,sociations  appear  as  bright  green 
■irrr- 'g.'!  t,i  ■  v.s  similar  to  t.hoso  found  in  ponds.  Concentrations  of 
orr-iiiic  TTfi.t.t.eT-  ai-e  usua-.lly  h.igher  in  st.re,-ir-.s  dom.inated  by  green  algae 
‘liari  in  t.h')So  doninatc-d  by  diatoms,.  Conversion  from  n  diatom-moss 


association  to  a  community  of  filamentous  green  algae  (possibly 
associated  with  rooted  aquatic  macrophytes  or  diatoms)  may  indicate  a 
shift  to  a  more  autotrophic  stream  system  (Cummins  197^). 

95.  Macrophytic  vegetation  develops  in  streams  where  flows  are 
relatively  stable.  This  vegetation  is  seldom  consumed  and  therefore 
does  not  directly  contribute  to  liigher  trophic  levels  while  alive 
(Cuminiiis  et  al .  1973;  Fisher  and  Carpenter  1976),  although  they  may 
serve  ul;  a  surface  for  periphyton.  However,  when  the  vegetation  dies 
:ir.d  decomposes,  it  contributes  organic  matter  to  the  system.  Streams 
subject,  t.o  severe  chai'iges  in  flow.s  physically  limit  the  development  of 
sigiiiflcant  plant  gr'uwth.  Additionally',  ttiese  plants  are  not  found 
wnerc  1  ns'slat ion  to  t.lie  stream  is  l''w  or  where  the  water  is  relatively 
deep  and  turbid, 
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96.  A  vurirty  of  t  y'pes  of  i.rganic  mutter,  leaves,  ?0M,  algae, 
etc.,  must,  be  presojit  iii  the  .sti'can  to  maintain  ecosystem  diversity' 
(Curiinins  1977).  ('owovei-,  rooervoi  rs  •iCt  as  particle  trap.s,  interfering 
witli  tlie  p'unrigo  detfitus  in-^-  t  tie  tailwater.  As  a  result,  cietrital 
mat.erial  from  the  waii-rs-ht'd ,  i mp' ’rtai.t  in  energy  transfonnation  in 
naturai  streams,  is  largely  unavi  i Table  to  a  tailwiter  system. 

97.  nutrient  material  prc'sent  in  the  clear  discharges  of  hypolim- 
netic  release  reservoirs  is  pi'imarily  in  a  dissolved  state  as  a  result 
of  decompof,  i  t  i  .'ti  by-pri 'ducts  that  accumulate  in  the  hypolimnion  (Odum 
19'(’l).  V/atoi-  di  schai'ged  from  tiie  itypioi  imnion  may  be  more  fertile  than 
that  from  the  ejd! imnion  because  .  d’  the  concentration  of  these  dis- 
.•■'dvoii  nutrients  in  the  'ieep  water. 

9'''.  Ta.ilwaters  immediately  below  hypolimnetic  release  dams  are 
autotroplii  f  Ix'caur.e  I'ojicentrati ons  of  dissolved  nutrients  are  increased 
ar  i  turbidity'  is  decreased.  The  clear,  nutrient-rich  discharges  are 
pa,’'t  icularly  important,  in  tailwaters  witii  stabilized  flows  because  they 
facilil.at.e  the  production  of  dense  algal  growths  (Ctober  1963;  Ward 
19T6b) .  iiowevei-,  'IS  the  wat.er  moves  farther  downstream,  conditions 


(i.e.,  increased  turbidity,  reduced  nutrient  availability)  become  less 
conducive  to  algal  production.  The  gradual  increase  in  the  detritus 
load  due  to  allochthonous  input  results  in  a  reversion  of  the  tailwater 
to  a  heterotrophic  condition  in  which  the  algal  community  plays  only  a 
i-elatively  limited  role.  It  may,  therefore,  be  possible  for  a  section 
of  stream  below  a  reservoir  to  shift  from  an  autotrophic  system  in  the 
immediate  tailwater  area  to  a  heterotrophic  system  downstream,  with  an 
area  of  transition  in  between. 

99-  Two  genera  of  filamentous  green  algae,  Cladophora  and 
Ulothrix ,  are  commonly  found  below  deep-release  reservoirs  (Stober  1963 
Ward  19T6b).  Mats  of  Clndophora  were  located  in  riffles  in  the  first 
9-6  km  below  Tiber  Reservoir,  Montana  (Stober  1963).  The  formation  of 
these  algal  mats  may  physically  inhibit  the  production  of  the  most 
desirable  fish  food  organisms  but  may  attract  other  taxa  (Welch  I96I ; 
V'ar.i  19T6b)  .  The  algal  mat  s  may  act  as  barriers  to  organisms  that 
require  deep<.'r  substrates  for  completion  of  their  life  cycles  (Armitage 
1976)  . 

100.  Water  discharged  from  surface-release,'  reservoirs,  whether 
stratified  or  not,  m.-iy  contain  significant  amounts  of  plant  debris  and 
detritus,  but  the  ps-im-iry  source  of  organic  m;itter  in  the  tailwater  is 
plankton  produced  in  tlie  reservoir.  Plankton  can  be  used  directly  by 
r.econdary  consumers  in  the  tailwater  or,  after  death  and  decomposition, 
may  add  to  the  particulate  organic  matter  tint  is  available  to  both 
primary  and  secondary  consumers.  Thus,  most  surface  discharges  from 
roGcrvoirr,  supply  particulate  orgatiic  matter  to  tailwaters,  and  deep 

1  i  scdirirges  sujiply  dissolvc.'d  organic  matter. 

101.  Phytoplankton  may  occnir  in  zones  of  the  tailwater  where  the 
water  velocity  is  rediiced  and  the  stre.-imbed  widened,  and  adequate 
nutrient.s  are  available.  However,  phytoplankton  niimbers  decrease  as 
the  water  flows  farther  downstream  because  of  depletion  of  nutrients, 
increased  turbidity,  a.rid  simple  mechanical  destruction  (Hartman  and 
Himes  196]). 

lOP.  storage  of  inflcwing  water  for  extended  periods  (c.g.,  as  in 
florid  rr)ntrol  reservoirs),  accompanied  by  reduced  downstream  releases, 
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may  resul  *  in  ha.nk  r.t.abi  1  La.nt  ion  and  the  eventual  estrihli  shment  of 
a.t.fe'unr,  iiii  vet':etat,ion  in  tailwat.er  reache:'..  r.trcaiiini<le  vep^etation  in 
tlua-.o  area;'  i  ium'ea;;e:'.  hotli  tlie  .'iriount  of  I'.h.'ide  and  the  quantity  of 
a  I  .1  oclitiionour.  mat.'i'ialn  in  ihe  faiJwater.  The  entabi  i  r  imeti  I.  of  macro- 
piiy  Lie'  vegetation  and  per  ipiiytic  alfpal  pirowl,!);'  are  alr.o  enl'.anced  when 
rd  al'i  1  i '.'.ed  flown  are  accompanied  by  reduced  turbi  d  j  ti  e:;  (Wai'd  19Tijb). 

!()•;.  Matripemcnt.  nchemer.  for  aome  re:;ervolrn  require  that  dir.- 
cha  i-ye';-  lie  r.etc'ar.ed  at.  irrepulair  i  nterv.a  1  a .  For-  example,  releaser.  from 
flood  c. ■'!{!''!  rer.ei'v'ii  rr.  may  be  ei’rHtic,  i-.ircc  they  unually  depend  on 
dui'at.ii'ii  and  ■•i.mi'unt.  >f  rainfall  in  tlie  watertdied.  There  flow  irrepu- 
reoult  in  .'i  brief  buildup  of  dotrital  material  in  (he 
>'oa.nl'o;  o'  t.he  t.-i  i  1  w.-itei-  durinp  minimum  rele.-ino;;.  The  niib.secjuent 
relo....^.  !'f  w-iierr.  fr.  ii:  t.);.'  ri'r,i.'rvoir  may  r.cour  t.he  t'li  Iw.'ito'r , 

ro.-i! ! ;.  i !!,-  in  a  phy:'.jcal  d  i  r.rupt.  i  on  and  .'il  ti  a-it  i  on  of  t.he  r.troari  similar 
1  I  :  i.'O.  i:  .a  n'ttur-f!  r-t  ro-u'.  .-.‘ft,..'"  hea.vy  r.ainfall  (Trotc.ky  1071).  'fhe 
’.''■"•i  iii'  re  i  o'o'.e:'.  !T;y  rwi.op.  the  clreajnhed  free  .•sccuiiiulationr  of  leaf 
!  i  ‘  ter  'u;  i  doi.ritur  do;  .r.it.''d  l)y  ad.i.’icent  at  rea.m:'.  idr-  ver('ta1ion  (V.'.'ird 
I'i'eio.  Idr'  t.a  i  1  wii.. -r  i  r.  tlnir-  deni.,-.!  .'Ui  imi'ooo-ird  I'ource  energy 
0oi'ifo’'d  a:nl  ii-i  rt  1  a  ,,  i-p.-iwe 

()•’..  In  '  •!  i  1  w.-i  t.ei-r  to  li.'iily  variation;',  in  water  ■reU"tr.e 

'.!■■.  :■  v;.  r  hydrenowor  f'l.'i  1  i  t  i  <  ,  detritur,  anil  r.i.'d  im'i'id'.  a  rC' 

fiu.'.h'-.;  aw'i.y  ('.bird  F'Yta).  Fnr  i  el-.i'ient.  wi  t..h  tiart.i  .-nl 'it  c' 

■•.■-aiiie  ma't.or  i  o  c.-i  rr,]  ir;  1  at.  boot,  p.-i  rt  i  cal  r' I  y  ne.-ir  the  liam,  and 
•  f.  iiek  of  d't.ritur  place:',  t'urt  her  ;'.i  re.'.;',  on  l.lr-  l.ronhie  ;;  t.rue  ture 
e'  wale:-:-,.  !  uet.uat.  i .  jiu'.  In  w.-it.-r  level  1  ncre.-o'e  ;;t  reambed  an.i 

! --nk  o>-o-i.'n  1  iiei--.-lv.-  i  i:cr''ri:;  i  nr.  t.urbidit.y  -ind  d  i  ;'.courai' iipr  the  ertah- 
:  i  -'ll'  of  ;;{,re-u;ib.-ink  veep- l,.-i  t  i  on  -ind  ::‘.rc:nr,hc!i  -ilr,-i.l  rrowt.li.  Tho.ae 

i  ;-  i m-.>y  cr  i  I  i  c’-.  1' ,v  Mrtiil,  t.lie  t-i.ilw-it.er  bio'-i,  wliieh  mirht  other- 
w  i  .-e  t.hr  i  ve  . 

Id'-.  T'l  i  i  w.-i  1  I -r:-.  are  liiphl.v  modifiod  env  i  ronin- -iilr.  tliat,  iiia.y  be 
.-.  ili,o-i-t,  I,'-  '-xt.reme  Condi'  ionn  not,  norm  1  ly  (’''Utid  in  nat.ural  rl  I'e.-i.m;'. . 
o.’i-.-e  i:-,' ■  'O'  f|ie::o  n;e  !  i  f  i  c.-i  i  i  on;; ,  t.hi-  l.-ii  1  w.-i  I, or  biot.,-i  m.-iy  be  dirnipt.ed  or 
.  iti':  n  -I -I  I  .  ;  I,  h' -r  di-'/e  I  onmi-nt  will  i-or.ull.  in  the  cre.-ition  .of  a  t.rophi.- 

i»-'  -,u,-ii  i  I  -t'etil.  from  l.lvid.  noi-r;-;l',v  (’■-iiind  in  ,-m  un-iltered  :;lream. 


PART  VI :  AQUATIC  INVERTEBRATES  IN  TAILWATERS 


Invertebrate  Ecology 


Streams 

106.  Benthic  stream  communities  are  extremely  dynamic  and  are  com¬ 
posed  of  a  large  number  of  species  (Patrick  1970).  Many  have  intricate 
life  cycles  adapted  for  survival  in  the  changing  environment  found  in 
most  streams  (Brusven  et  al .  1976).  Their  life  cycles  are  characterized 
by  siiort  generation  times,  high  reproductive  potentials,  and  reduced 
bvidy  sizes  (Patrick  1970).  The  adults  of  most  important  stream  insects 
are  terrestrial,  short-lived,  and  concerned  only  with  breeding  and 
dispersal  (Hynes  1970). 

107.  The  bottom  fauna  in  not  randomi.y  scattered  and  its  distribu¬ 
tion  renults  from  interaction  of  the  invertebrate's  habitat  requirements 
with  the  varying  environmental  conditions  that  exist  in  different  areas 
of  the  sti'eam  (Allen  1999).  The  mosaic  pattern  of  distribution  ex¬ 
hibited  by  benthic  organisms  is  primarily  determined  by  current  veloc¬ 
ity,  substrate  typo,  and  food  availability  (Ward  1976a;  Minshall  and 
Minshall  1977).  In  addition,  temporal  and  spatial  temperature  differ¬ 
ences  affect  the  presence  of  both  individual  species  and  life  stages. 
Tempivrru’y  co.loni  zalion  of  mi  croliabitats  produced  by  changes  in  these 
vari'ibles  increase'  +  he  taxonomic  cliversity  of  the  stream  benthos  and 
ensures  a  ycar--round  food  supply  for  fisli  (Ward  1976b).  Outside  inter¬ 
ferences  (e.g.,  pnlluticin,  impoundment)  in  a  stre;im  system  tend  to 
reduct)  the  benthic  diversity  as  a  result  of  the  reduced  diversification 
"'f  available  mi  crohabi  tats  (Ward  1976a). 

lot;.  FI ow .  Current  velocity  may  have  the  most  influence  on  the 
regulation  of  invertohrate  distribution  and  abundance,  especially  at 
specific  sites  in  the  stream  (Chutter  1969;  Giger  ],977).  However,  the 
ir.nuenco  of  current  velocity  on  invertebrate  densities  in  different 
s.ect,  ions  of  the  stream  may  be  masked  by  the  effects  of  other  variables 
(Ciiutter  1900).  Gome  stream  organisms  have  morphologi  cal  respiratoi'y 
arid  feeding  demands  t.hat  require  them  to  position  themselves  in  flowing 
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water  (Wai'd  19T6a).  As  long  as  the  stream  velocity  remains  relatively 
tiigh,  and  the  supply  of  food  and  oxygen  is  adequate,  these  organisms  can 
survive  ( Bovee  1979) .  However,  life  stages  adapted  to  fast  water  die 
when  subjected  to  slow  cui'rent  and  reduced  oxygen  because  they  are  phys¬ 
iologically  unable  to  adjust  to  the  altered  conditions.  Relatively  high 
stream  velocities  are  required  to  ventilate  the  delicate  gills  of  these 
organisms  and  they  must  be  exposed  to  the  current  (Giger  1973;  Armitage 
1970).  In  addition,  filter-feeding  insects  are  deprived  of  food  if  the 
current  fails  to  carry  materials  into  their  food-gathering  nets. 

109.  Many  stfeam  organisms  move  about  in  a  "boundary  layer"  or 
dead-water  zone  (up  to  1  mm  in  thickness)  near  the  interface  of  the 
substrate  and  water  where  current  velocities  are  substantially  reduced 
(Amb’uhl  1999;  Ward  1976a).  The  boundary  layers  and  dead-water  zones 
formed  in  and  around  substrate  components  provide  many  types  of  habitat 
and  locatikVis  for  invertebrates.  Rough  substrates  result  in  an  increase 
in  tliickness  of  these  boundary  layers  and  a  tendency  toward  more  rapid 
reluct,io:i  in  the  cm-rent  velocity  (Bovee  1975). 

110.  Gtrong  stre;ira  currents  discourage  free-swimming  invertebrates. 
Insects  living  in  the  swi ft -water  areas  are  morphologically  modified  to 
withsta!id  the  mechanical  forces  of  the  current.  Most  adaptations  enable 
itu'ccts  t.o  avoid  many  of  the  adverse  effects  of  strong  currents  by 
kt.'eping  their  bodies  away  from  the  force  of  the  flow  (Hynes  1970). 

Fu.-. i  form ,  flatt  ened,  and  streamlined  bodies  aid  survival  in  swift 
currents  by  enabling  insects  to  "crouch"  in  the  boundary  layer.  Because 
rrii Tphologi  cal  modifications  force  them  to  face  upstream,  most  voluntary 
r:cvcment  is  uj^stream  (Hynes  1970).  Temporary  attachment  structures  are 
c  mmion  adaptations  that  enable  insects  to  release  and  reattach  them- 
r.clves  after  a  pei-iod  of  uncontrolled  movement  in  the  current.  Some 
organisms  construct  cases  of  small  stones,  deti’itus,  or  silk  that  are 
:u:chored  firmly  to  the  substrate.  These  organisms  catch  organic 
iiart icles  from  the  water  by  either  using  morphological  filtering 
mechanisms  or  constructing  nets. 

111.  Reduced  current  velocities  limit  the  abundance  and  diversity 
of  swi ft -water  invertebrate  communities,  either  physically  because  of 


siltation  or  physiologically  because  of  inadequate  oxygen  and  nutrient 
exchange  (Giger  1973).  An  extreme  reduction  in  current  eliminates 
species  that  are  dependent  on  flow  for  respiration  and  food  procurement 
(Sprules  19^7). 

112.  Freshets,  flow  cessation,  riffle  sedimentation,  water  level 
fluctuations,  and  unstable  substrates  result  in  changes  in  the  species 
composition  and  may  catastrophically  reduce  the  stream  fauna  (Sprules 
19^7;  Peterson  1977).  Severe  floods  and  spates  scour  and  flush  insects 
from  the  streambed,  leaving  only  the  species  able  to  withstand  the  in¬ 
creased  flows  (Hynes  1970).  Scouring  may  reduce  the  numbers  of  insects 
in  a  particular  section  of  <a  stre.-im  by  50  percent  (Sprules  19^7). 

113.  Spates  that  scour  the  stre.'im  substrate  result  in  temporary 
dislocation  and  dispersal  of  invertebrates,  but  the  density  and  struc¬ 
ture  of  the  community  may  recover  to  preflood  conditions  within  30  days 
if  the  insects  are  not  dispersed  over  great  distances.  After  seven 
floods  in  Big  Buffalo  Creek,  Missouri,  the  structure  of  the  invertebrate 
riffle  community  was  very  similar  to  tiiat  found  in  the  same  location 
before  the  floods  (Ryck  1976).  Apparently,  enough  organisms  are  left 
after  spates  or  other  disturbances  tc'  rejiopulate  the  stream  section. 

They  escape  the  effects  of  the  disturbances  by  maintaining  themselves 

in  the  protected  areas  of  the  stream  where  flow  is  reduced  (Patrick 

1970). 

lilt.  Most  stream  organisms  are  protected  from  the  effects  of 
severe  flooding  and  relatively  short  periods  of  dewatering  because  they 
are  imbecided  in  the  upper  15  to  22  cm  of  the  gravel  substrate  (Hynes 
197^t).  The  movement  of  tri choptcrann  into  deeper  strata  of  the  stream 
bottom  may  be  indicative  of  their  response  to  scouring  or  to  increased 
sediment  leads  t.hat  accompany  flood  waters  (Poole  and  Stewart  1976). 

In  addition,  extended  hatching  periods  and  firmly  attached  eggs  also 
ensure  tliat  certain  species  are  not  eliminat.ed  during  stream  distur¬ 
bances  (Hynes  1970).  The  repopulation  of  a  riffle  sections  is  probably 
a  result  of  a,  combination  of  several  factors,  including  downstream  drift, 
upst.rea.m  Irirvnl  miwement,  and  upstream  egg-laying  flights  of  adults 
(Ryck  1076). 
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115.  fSubr.t.rate  type.  In  most  streams,  pools  and  riffles  form  the 
most  distinctive  types  of  habitat.  Formation  of  pools  and  riffles  is  a 
combined  process  of  dispersion  and  sorting  of  the'  bottom  materials. 

Pools  are  assix^iated  with  stream  bends,  anei  riffles  with  crossings  and 
inflections  in  the  streambed.  Fine  particles  are  washed  away  from 
riffles  and  deposited  in  pools,  leaving  only  the  larger  gravels  and 
rubble  in  tiio  riffle  area  (Yang  1971).  Riffles  provide  optimal  environ- 
meiital  conditions  foi-  many  species  and  are  diverse,  productive  inverte¬ 
brate  habitats.  Tnvertebjvites  pi-oduced  in  riffles  may  potentially  be 
swept  into  the  pools,  wtiere  they  are  likely  to  be  eaten  by  fish 
(Peterson  1977).  More  insects  are  usually  produced  in  riffles  than  in 
P'.'ols  or  on  bedrock  or  submerged  vegetation  because  current  velocities 
are  higher  in  riffles  ami  rubble  substrates,  increase  the  avr.i lability 
a.'id  liiunbcr  of  microlvibitats .  Insects  inhabiting  the  pool  areas  are 
.similar  !.o  tliose  found  in  porulr.  and  lakes  and  feed  on  the  accumui ation 
o!’  organic  matter  that  forms  siuiiment  (Krumiiolz  and  Neff  1970;  Cummins 
197'") . 

11('.  Tntermodi.ato  zones,  whicli  may  occur  betwet>n  stre;im  riffles 
■ind  po(ils,  are  called  "runs"  (l.aedtke  eJ.  al  .  197b).  The.se  are  .areas  of 
moderate  flow  over  relatively  shallow  st.rc.-tciios  of  the  stream  and  may 
be  depositioiril  or  crosional,  depending  on  the  curr-ent  velocity.  The 
identity  and  abund.’.'tire  of  bent.hic  fauna  present  are  determined  by 
whether-  the  rir-ea  is  in  a  depositlonal  or  erosional  zone. 

117.  Tile  benthic  fauna  associated  with  specific  substrate  types 
generally  for-ms,  a  wi-li-dcfined  community.  Any  ch.-inge  in  the  substrate 
resulfs  in  an  aceompanyung  change  in  invertebr-ate  species  (Cprules. 

19^7;  DeMarch  1976).  L-irgi-  rubble  (li5-70  mm  in  diameter)  has  a  variety 
c)f  mli-rolnbi  l.at.s ,  which  m.-iy  be  irih.-xbited  by  .-ill  sizes  of  insects.  This 
type  of  subst.rate  ii;  foiitKi  in  swiftly  flowing  aj-e.'is  of  streams  where 
;-na.ll  or  sized  s.ubstrate  mat.erials  are  w.ashed  away.  The  organisms 
found  li'-ro  are  adapted  t.o  living  in  tiabitats  th.at  offer  reduced  contact 
with  (Ik?  eu:-rent  (Cummins  196(;i).  Invertebrates  able  to  survive  in 
s.m.-i.n-particle  (t-Ph  mm)  substrates  are,  by  necessity,  small  and 


resilient  (;lin-ules  19^7)-  Their  miorohabitats  are  commonly  destroyed 
or  altered  (iuritif;  liiKh,  irronular  flows. 

Manipulations  of  streamflow  may  alter  the  detrital  "trap" 
capaelt.y  of  iiie  substrate  atui  ultimately  affect  species  composition  and 

r. t.roMi  prcxiuctivi ty .  fmall  detrital  particles  and  silt  tend  to  acc\miu- 
late  exeessi vt'ly  in  the  interstices  of  small-particle  substrates, 
wht'reas  in  rubble  liabitats  the  interstices  are  swept  clean  by  the 
current.  As  a  result,  many  aquatic  insects  prefer  substrates  composed 
of  inoderatoly  sir.ed  (f'^— ’i'''  mm)  particles  because  they  serve  as  a  bett.er 
benthic  food  t)'a]'  without  reducing  habitat  divei'sity  (Rabeni  and 
Minshall  1977). 

119.  Some  siiecies  of  ins.ectr.  are  able  to  take  advantage  of  in¬ 
creased  sedimentation,  but  usually  suspended  and  settled  sediments 
adversely  al'fccl.  tdie  i  iivtu'tebrate  ptq'ulati  on .  At  low  flows  and  reduced 
current,  velocities,  silt  runi  sand  seal  the  interstices  in  a  rubble 
ruibstrate.  This  sealing  res.iriets  access  to  the  undersurfaces  of  the 

s. tones  and  generally  reduces  tdu'  tnimber  of  usable  Iribitats,  The  sedi- 
rruaiL  is.  easily  disr^laceii  hit.,  suspenshon  at  higher  flows  and  seltlc's 
out.  in  dep./us  i  1  i  on.a  !  none;;  where  fl  owr;  are  reduced.  The  problems 
ca.us.ee,  by  s.e:i  i  i-ioni  are  sometimes,  lessened  by  the  development  of  c.ar- 
fiets  of  .algae  .'vor  the  ;-.t,re.amb('d  ,  which  may  repl.at'e  m  i  croh.abi  t.ats 
filled  in  witli  s.edimeait  (Rru.sven  -in.i  rr.aiher  197^0. 

1.1).  M.acrc'i  nviud.ebr.at  os,  niiparent.ly  migrate  out  of  areas  exposed 

t. .c  he.avy  sediment  loads..  'I'hc'ir  resu'onno  to  se.h'ment.ati  on  is  rapid,  and 
ally  ,a  few  .lays  are  required  for  rnmibors  t.o  decrease  signi  f  i  c.antly . 

C.  invi'ia;ol  y ,  tlu'ir  i-ospons.e  to  a  decrease  in  sciiimeritation  results  in  a 
I'.ajoid  reciwery  of  the  community.  t’andy  subst.rat.es  .are  generally  un¬ 
suitable  t’or  insei’’  I'ro.luctiori  bi'cause  oT  the  inst. ability  of  the  sand 
particles  anl  the  t.hinness.  of  the  prot.ective  "houn<iary  layer."  Up- 
I'.tre.am  m. 'vement  of  riffle  insei’1.;;  in  r.,andy  .arear.  is  generally  precluded 
by  tlio  efff’cts.  (’)f  current  on  the  f'ine,  loos.cly  com'p.acted  sediments.  Low 
cur'rcnt  vc'locitie;;  and  rut)ble  ;'.ubstr.atp  f.ac' j  1  i  t.n  to  upstream  movement  of 
invert, ehT’atiu;  (l.eudt.ki  .and  Itrnsvt'ti  19'rh). 


121.  Food.  A  mature  stream  ecosystem  is  highly  diverse,  and 
includes  complex  food  webs  (Krumholz  and  Neff  1970).  The  increased 
complexity  of  links  in  the  food  web  increases  the  chances  of  survival 
of  the  stream  community.  A  fluctuating  autochthonous  food  supply 
supplemented  by  allochthonous  nutrients  increases  survival  because 
species  are  not  i-estricted  to  a  single  food  item  I Tussell-Hunter  1970). 

122.  Although  benthic  crustaceans,  mollusks,  and  other  small 
invertebrate  life  might  be  pres-.ent,  aquatic  life  stages  of  insects  are 
the  most  abundant  forms  of  primary  consumers  in  most  streams.  Their 
diets  vary  greatly  (e.g.,  the  forms  represented  may  include  herbivores, 
detritivores ,  carnivores,  and  omnivores)  and  some  forms  shift  from  one 
source  to  another  seasonally  (Chapman  and  Demory  1963).  A  change  from 
herbivory  in  the  early  instars  to  carnivory  in  the  later  instars  is 
common  (Anderson  and  Cummins  1979)- 

123.  Food  gattiering  and  the  associated  morphological  and  be¬ 
havioral  adaptations  ai-e  the  most  important  functions  of  animal  con¬ 
sumers  in  a  lotic  system  (Cummins  1972).  Food  habits  are  more  closely 
related  to  the  size  of  the  organism  than  to  the  species.  Most  early 
life  stages  and  small-sized  insects  feed  primarily  on  detrital  com¬ 
ponents  (Cummins  1972).  Aquatic  inoccts  ai’e  opportunistic  and  are  able 
to  adjust  to  differing  availabilities  of  food;  very  few  are  strictly 
herbivores  or  strictly  carnivoi’es.  Minshall  (I967)  noted  the  presence 
in  a  small  benthic  community  of  I '1  jiercent  herbivores,  3  percent 
carnivores,  and  83  percent  omnivores.  Food  availability  is  generally 
not  a  limiting  factor  for  mobile  r.t.ream  organisms  because  they  are 
able  to  actively  seek  food  (Krumholz  and  Neff  1970). 

Maci’ophytic  communities  often  shelter  larger  and  more  varied 
popvilations  of  invertebrates  when  they  are  composed  of  plants  with 
finely  divideci  leaves,  rauher  tlian  plants  with  simple  leaves.  Herbi¬ 
vores  h;irves,t  periphyton  from  the  surface  of  the  leaves  and  use  the 
maze  of  vegetal;  vi  for  shelter  and  j)rotection  (iiarrod  Idbl). 

1,29.  The  rif:'ies  may  provide  a  number  of  diverse  foods  for  inver¬ 
tebrates,  ranging  ;’rom  plant  d<?tritua  lodgefi  under  stones  to  clumps  of 
algae  a,nd  moss  associated  wi  t,h  the  stream  bottom.  The  accompanying 


invertebrate  communities  may  differ  greatly  among  the  various  types  of 
food  sources  (Egglishaw  1969)- 

126.  The  food  base  of  invertebrates  living  in  slow-water  areas  or 
pools  primarily  depends  on  the  deposition  of  detrital  material  washed 
in  from  upstream.  Water  in  pools  may  be  too  turbid  and  the  current  too 
slow  to  allow  the  establishment  of  sufficient  benthic  algal  growths, 
and  too  deep  to  allow  the  development  of  significant  quantities  of 
macrophytes . 

127.  The  aquatic  insect  component  of  the  stream  benthos  has  been 
classified  into  four  feeding  types;  shredders,  scrapers,  collectors, 
and  predators  (Cummins  1973).  The  life  cycles  of  shredder -type  aquatic 
insects  are  closely  associated  with  leaf  fall  in  autumn.  Most  of  their 
growth  and  development  occurs  during  late  fall  and  winter.  These 
organisms  are  able  to  adjust  tlieir  growth  rates  to  the  relative  avail¬ 
ability  anti  quality  of  food.  Observations  on  shredders  have  indicated 
a  positive  selection  of  leaf  material  that  is  heavily  colonized  by 
microorganisms,  both  on  the  surface  and  throughout  the  matrix  of  the 
leaf  particle  (Anderson  and  Ciimmins  1979)- 

123,  gcrapers  are  dependent  on  the  production  of  an  autochthonous 
food  source  fi’om  which  they  lit.erally  "scrape  away"  required  food 
particles.  The  nutritional  content  of  this  potential  food  source 
(mostly  .algae)  is  much  higher  than  that  of  a  detrital  food  source 
(Coffman  ct  al .  1971).  These  organisms  are  most  often  in  the 
mainstre.am  channel,  where  the  dominant  foods  are  diatoms  and  fila- 
neiitcnis  green  algae  (Cummins  1972). 

129.  Collectors  filter  fine  particulate  organic  material  contain- 
iiig  surface  colonies  of  bacteria  and  fungi  from  the  stre.am  flow.  The 
'isr,  Im i  l.at  ion  of  nutrients  by  filter  feeders  is  inefficient  and  much  of 
the  m-it'^rial  is  passed  downstream,  unmodified,  where  it  may  be  rein- 
gest(^d  by  other  organi.sms.  This  pa-ocess  results  in  a  type  of  unidirec¬ 
tional  "spi  .-all  ing"  cycle  in  whicli  many  organisms,  each  feeding  on 
diffei-ent  components,  are  able  to  utilize  filterable  organic  material. 
Wit.hout  this,  filter-feeding  community,  much  of  the  suspended  organic 
material  would  p.ass  through  the  system  unused  (Wallace  et  al .  1977). 
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i:W.  Predatory  insects  have  high  assimilation  efficiences, 
largely  hec.-iuse  the  nutrition.al  quality  of  their  prey  is  very  high. 
However,  tfie  quantity  of  prey  may  vary  and  is  usually  limiting 
(Ander.son  and  Cummins  1979)- 

1^1.  i’eeding  habits  partly  determine  the  location  and  limit  the 
presence  of  invertebrate  types  in  a  stream.  Filter  feeders  live  in 
moving  water  witli  a  scston  load,  scrapers  in  areas  where  algal  growth 
is  most  fqit  to  become  established,  shredders  in  areas  of  leaf  litter 
and  detrital  accumulation,  and  predators  in  any  or  all  of  the  available 
fei'ding  locations,  dejiending  cm  the  abundance  of  the  potential  prey 
population . 

loP.  Tempe nature.  Diurnal  temperature  fluctuations  are  generally 
recjiired  for  normal  grovrth  and  development  of  stream  insects,  whereas 
static  fomperatui-es  are  usually  disadvantageous  (Ward  1976c).  Life 
histories  i.d’  mexst  stre;im  organisms  are  geai’ed  to  annual  temperature 
cycles  wlricli  s.ynchroni  se  the  pari.icular  life  stages  and  stimulate 
growtdi  (Hynei'  1970;  Gore  1977).  Triggering  mechanisms  for  exeystment , 
enc'yr.t  men!  ,  arid  i>ther  vital  dc'vc'lopmental  processes  may  not  be  stimu¬ 
lated  when  t.empi'ratures  remain  vmclianged ;  differences  of  a  few  degrees 
.al'fc'ct  dovi’lnpmen l..a J  l,imer.  and  durations.  Higher  temperatures  are 
accompanUm  by  m'ciucod  concentrations  of  dissolved  oxygen  and  increased 
mctabo.l  i(?  demands,  and  i/ool  tenqieratures  produce  a  metabolic  slowdown 
(i'ovc'e  1979)-  The  absence  of  a  certain  species  from  a  stream  section 
may  !-''sult,  ft'om  one  of  the  specific  temperature  requirements  not  being 
me*  .  i’or  cxampli',  Kpcairus  sp.,  a,  hoptageniid  ephemeropteran ,  has  been 
stiovvci  tn  ta.’iiuire  rif-ar'-f rees.i ng  temperatures  for  a  certain  length  of 
'  ime  for  t.he  lievo  1  opment  of  diapausing  eggs.  Additionally,  newly 
hati'licd  n.^TTipiis  retpiii’e  an  exteirh-d  period  (2.5-®»  months)  of  relatively 
high  Lempc'ra  lures  (l8-i’8”c)  for’  normal  development  and  maturity  (Britt 
196P) . 

Id'-i.  numbers  and  biomass  of  1  nvertebrates  in  the  streambed  may 
flucturit.e  I’adic’ally  because  of  differing  rates  of  development  and 
('mer-fanice  (Patrierk  1962).  invertebrate's  emerge  in  the  same  sequence 
each  year,  but  the  dal.es  of  first  emergence  and  the  duration  of  the 
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liat.ch  vary,  depending  on  water  temperatures  (Sprules  19^7).  Insects 
may  emerge  to  mate  and  deposit  eggs  all  year,  but  the  greatest  emergence 
takes  place  during  the  evening  hours  in  spring  and  early  summer  (Chapman 
1966).  During  emergence,  the  j>opulation  of  a  particular  species  in  the 
stream  may  be  reduced  to  near  zero  (Hooper  1973;  Brusven  et  al.  1976). 
Alterations  in  stream  temperature  during  this  time  may  cause  an  extended 
period  of  ovLtiosition,  resulting  in  several  ages  and  sizes  of  nymphs 
(Minshall  .  Competition  among  the  progeny  of  a  species,  as  well 

as  bet. ween  various  insect  speciei:  with  similar  life  requirements,  may 
be  partly  averted  by  the  staggered  deposition  of  eggs  anu  subsequent 
differences  in  developmental  i-ates  (Minshall  I968).  The  early  stages 
of  many  aquatic  invertebrates  ai-e  small  and  essentially  unavailable  as 
fish  fi:od  ( Chayman  I966) . 

13*^.  Densities  of  insects  may  vary  seasonally,  depending  on 
species  composition.  In  northern  temperate  st. reams,  the  benthos 
generally  reaches  a  nimieric.al  maximum  in  the  fall  and  early  winter 
after  eggs  hat.ch  (Cummins  1<^73).  Periods  of  maximum  streiun  inverte¬ 
brate  hioma,ss  may  not.  occ\ir  concurrently  with  tdie  numerical  maxima. 

The  greatest  Invert  >.'hrate  biomass  generally  0('curs  in  the  spring  and 
fall  during  pe.aks  i^f  gri'wtii.  The  al>uiid;ince  o!'  organisms  with  short 
life  cycles  varies  consi  iler.ably  with  environmental  conditions  (Patrick 
196.').  If  they  I’each  matin-ity  by  fall,  additional  eggs  are  deposited 
whicli  undergo  development  during  the  winter  months  (Cummins  1973). 

P.mii'  s.pecies,  however,  require  a  full  year  of  development  to  reach 
m.-i  tur  i  ty  . 

!•'  .  dtivi  renment.al  stress.  Benthic  stream  macroinvertebrates 
li,ave  tr.ad  i  t  it.iiri  1  !,v  been  good  indicators,  of  past  and  present  environ- 

stf  -.v  because  of  their  long  life  cycles  and  relatively  sedentary 
behavior.  Cfi.'irigcs  in  cc.mmuni  ty  :;t  ructure  are  s.ensitive  indicators  of 
eiivir  iiineii'al  a  1  ter.at.i  ons  (Cairns  and  Dickson  1971).  The  most  sensitive 
sicn-ies  ire  climiii.ated  from  the  .stream,  resulting  in  diminished  compe- 
t.iM'in  .a.noiig  the  s.urviving  organisms.  Only  those  species  able  to 
toler.ate  a  wide  range  of  environmental  conditions  are  able  to  survive 
when  life  requirements  become  limiting  (Bradt  1977). 
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136.  Short-term  exposure  of  the  stream  community  to  intolerable 
conditions  may  result  in  alteration  of  the  diversity  and  density  of  the 
fauna.  More  tolerant  species  increase  in  number,  because  of  the  lack 
of  competition,  until  they  reach  their  limits  of  space  and  food  (Cairns 
and  Dickson  1971 ) .  Additional  alteration  of  an  already  stressed  environ¬ 
ment  will  eliminate  one  or  more  of  the  remaining  species,  resulting  in 

a  major  reduction  in  the  standing  crop. 

Tailwaters 

137.  Invertebrate  living  conditions  in  a  tailwater  are  different 
from  those  in  a  natural  stream  and  are  dependent  primarily  on  the 
characteristics  of  the  reservoir  discharge.  To  survive,  benthic 
organisms  must  be  able  to  adapt  to  the  changes  in  primary  production 
and  the  altered  physical-chemical  characteristics  of  the  tailwater 
system  (Krumholz  and  Neff  1970;  Jonasson  1975). 

138.  The  effects  of  reservoir  releases  on  the  downstream  biota 
depend  on  the  type  of  dam  and  the  subsequent  flow  patterns,  release 
depths,  and  resiliency  of  the  natural  stream  benthos.  Macroinverte¬ 
brate  species  ciimposition  and  diversity  may  either  be  substantially 
enhanced  or  reduced,  dependirg  on  the  characteristics  of  the  flow  in 
the  t.ailwater  (Ward  1976a).  The  benthos  below  reservoirs  generally 
resPv^nd  to  The  unnatural  conditions  with  reduced  taxa  and  increased 
numbers  of  certain  species  (flpcnce  and  Hynes  1971a).  Tailwater  in¬ 
sects  are  smaller  and  are  considered  to  be  of  marginal  food  value  for 
fish  (Pnw<?ll  1988;  Bauer  1979) .  The  number  of  species  increases 
(irogressi  vely  dt'wnst.i’cam  in  response  to  the  greater  availability  and 
variot.  of  microhabi  t.a' s  and  the  presence  of  increased  quantities  of 
detritus  '■•om  streamside  vegetation  and  runoff  (Hooper  1973;  McGary 
ami  Harp  1973).  However,  total  numbers  of  individuals  may  be  highest 
near  1,he  dan,  since  systems  with  few  species  often  are  more  productive 
and  support  a  greater  bii-)mar,s  than  those  with  many  species. 

119-  idicfors  which  inhibit  benthic  populations  in  tailwaters  in¬ 
clude  alterations,  in  natural  yearly  temperature  changes,  isothermal 
t.emj'et’aturcM' ,  silt.ation  (in  some  f  lood-control  sites),  daily  water-level 
;’l  U'’‘ uat  i  "IIS  ,  st.reanbed  scouring,  j’educcd  concentration  of  particulate 


orfiMtiic  i:i:itter,  altered  water  quality,  and  seasonally  altered  flows 
(Vanieek  19^7;  Hoffman  and  Kilambi  1970;  Isom  1971;  Ward  1976b).  Con¬ 
versely,  stabilised  flows,  decreased  turbidities,  the  introduction  of 
senton  from  the  reservoir,  increased  nutrient  availability,  and  the 
ftrowth  of  alf^ae  and  moss  increase  benthic  standinj;  crops.  The  magnitude 
of  the  Iniiibiting  and  beneficial  effects  depends  on  the  schedule  of 
water  release,  the  withdrawal  depth,  and  the  length  of  time  water  has 
bei'n  ret.'iined  in  the  reservoir. 

l70.  FI uc tuat i ng  f 1 ows .  High  releases  following  periods  of  little 
01-  ;a.'  flow  result  in  scouring  and  turbidity,  and  fluctuating  water 
levels  I'ause  increased  bed  and  bank  instability  (V.tard  1976a).  Reduced 
flows  result  in  decreases  in  wotted  perimeter,  depth,  surface  area, 
an<l  current  velocity.  Water  temperatures  during  tliese  periods  become 
i  ncreaainf,ly  subject  to  ambient  atmospheric  influences  (Pfitser  196?; 

!  19'i'6a).  The  extreme  chaiiges  in  flow  often  create  conditions  that 
are  unsuitable  for  most  s.i  ream  benthos.  Because  of  this,  invertebrates 
are  least  abunvtani.  in  iinituaiiate  tailwater  areas  that  are  subject  to 
extj-eme  veri-'die  flow  flucLualions.  Insect  densities,  in  the  tailwater 
may  bo  -is  much  as  lO  time's  less  than  those  of  streams  flowing  into  the 
[•eservoir  (Powell  1966;  Trotsky  1971).  However,  downstre-tm  moderation 
'f  llie  effects  of  flow  'I'luctun.tion  often  results  in  the  gradual  in- 
cro'ise  of  i avert, ebrate  detisities  (Radford  and  Hartland-Rowe  1971; 

Trct,;;ky  an.!  drogory  1971;;  Ward  1976b). 

I'tl.  Contitiu.al  ly  fluctuating  flows  interfere  with  the  establish- 

of  a  stable  benthic  community  because  of  the  preference  of  various 
:.;secies  for  a  n.’irrower  range  of  env! i'onmental  conditions  (Pearson  et  al. 
L96’H).  P.ai  ly  water  level  fliici  nations  generally  reduce  the  production 
and  -.'landing  c"op  of  stream  invertebrates  by  eliminating  both  the 
bi-nthic  fo-'d  b.-is.e  -ind  the  bentlios  (Bovee  1975;  Ward  1976a).  This 
;;itu'it.ien  is.  priT't  i  cularly  obvious  below  hydropower-  projects  where 
maxinum  d  i  sch.-i rges  oc('U!’  during  pei’iods  of  peak  power  demand  and 
minimum  1  i  scli.-u-.-’es  when  powci'  -ioinands  are  lessened.  In  these  instances, 
tw-'  r-ntircly  different  stream  habitats  .ar-e  created.  The  tailwater  may 
cii.-ingc?  '.'com  -i,  typical  pool-riffle  ar.sociat  Lon  during  minimum  releases 


to  a  deep,  swift  stream  during  maximum  releases.  Most  affected  is  the 
"zone  of  fluctuation,”  which  is  composed  of  side  channels,  backwater 
areas,  and  shallows.  These  areas  alternately  undergo  the  physical 
disruption  of  microhabitats  during  high  flows  and  dewatering  and  sub¬ 
strate  exposure  during  reduced  flows.  Insects  in  these  areas  become 
dislodged  and  physically  destroyed  during  high  flows,  and  they  are  also 
subject  to  stranding  and  desiccation  during  reduced  flows  (Fowell  1958; 
Trotzky  19Tl) .  In  tailwaiers  with  fluctuating  flows,  the  lack  of 
permanent,  clearly  defined  pools  and  riffles  precludes  the  survival  of 
most  stream  insects. 

I)t2.  Some  benthic  tailwater  communities  subject  to  regular,  peri¬ 
odic  water-level  fluctuations  may  eventually  attain  a  resonable  level 
-.d'  production  (Odum  19('>9 1  ■  In  these  "matui'e"  tailwaters,  a  few  species 
(probably  two  or  three)  that  have  adapted  to  the  flow  changes  make  up 
tiie  vast  majority  of  the  benthic  community  (Ffitzer  1962).  Members  of 
these  benthic  communities  apparently  tolerate  brief  periods  of  sub¬ 
strate  exposure  if  it  is  not  severe  (Fisher  anu  LaVoy  19T2;  Ward  19T6a). 
Ho  significant  difference  was  found  between  numbers  of  insects  living 
on  nonexposed  substi'ates  and  those  living  on  occasionally  exposed 
substrates  (13  f'crccnt  exposure  time)  in  a  "zone  of  fluctuation"  below 
a  hydropower  dam  on  the  Connecticut  River,  Massachusetts  (Fisher  and 
LaVoy  1972). 

IU3.  Vegetative  mats  act  as  a  refxige  for  Insects  in  some  tail- 
waters  during  brief  periods  of  exposure  because  of  the  retention  of 
moisture  in  the  vegetation.  Insects  living  near  the  "mat-rock"  inter¬ 
face  are  more  likely  to  survive  than  those  found  on  the  surface  of  the 
vegetation  (Rrusven  et  al .  197^0. 

lIU.  Low  air  temperatures  also  increase  the  chances  of  survival 
for  organisms  stranded  in  a  tailwater  and  enable  them  to  tolerate 
dewatering  f(5r  longer  periods  than  during  high  air  temperatures. 

Brusven  et  al.  (197^0  I’eported  that  larvae  of  chironomids,  lepidop- 
terans,  and  trlchopterans  could  s;irvive  dewatering  for  hours  in 
ca'  L  weather,  but  that  high  air  temperatures  and  longer  exposure 
periods  resulted  in  high  mortalities. 
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Tn  npite  of  tlie  ability  of  some  insects  to  survive  periodic 
exposure,  most  insect  species  that  inhabit  tailwaters  are  found  in 
the  permanently  submerged  habitats  not  subject  to  daily  exposure 
(Powell  1958;  Brusven  and  Trihey  19Y8). 

I't6.  The  lack  of  flow  fluctuation  in  tailwaters  below  flood  control 
reservoirs  can  disrupt  the  benthic  community.  Tn  fact,  stable  releases 
for  3  to  U  weeks  followed  by  modej’ate  or  extreme  discharges  may  cause 
more  sti-ess  and  inortaiity  to  an  insect  community  tlian  the  frequent 
pulsed  releases  f cmnd  below  hydropower  dams  (Brusven  and  Trihey  1978). 

Tiic  ratable  periods  encourage  the  colonization  of  the  tailwater  sub¬ 
strate,  but  benthic  organisms  wlueli  are  not  able  to  adjust  to  subse¬ 
quent  severe  flow  increases  are  catastrophically  swept  downstream. 

Iu7.  The  high  seasonai  discliarges  below  flood  control  reservoirs 
may  also  destroy  the  t'f  ic  areas  nearest  the  dam  and  replace 

them  with  an  ext, ended  ""un"  section.  F’nrther  <iownstream,  however, 
pools  and  deep  chanriolr.  may  bo  present  which  act,  as  buffers  to  fluc- 
tu.'iting  water  levels  and  as  refuges-  feu’  invertebrates  dui’iug  periods  of 
I'linimal  relt?,ases  (PoweiJ  i'^p;-, ). 

l)t8.  Chi  riMiomi  ds  are  the  inos, '  resilient  group  of  insects  found  in 
unstable  .aj-eas  -irid  .•n-e  the  first  1.0  recoionize  denuded  zones -of  fluo- 
tu,a,ti'.^n  ( M.'icP'nee  and  Brusven  197*-').  They  m.ay  be  found  in  association 
with  o]  igochac'tes ,  ami'ln  qtods ,  and  isopods  in  coldw.ater  tailwaters 
subject  t,r,  rapid  wa'.er-levcl  flxicluations  (Brown  et  al.  1968).  These 
invertebrate  associ.ation.-,  are  .able  to  adapt  to  temporary  periods  of 
exr)onuj'e  iiy  cither  migr.at,  i rig  out  of  the  exposed  area  or  surviving  in 
the  tliin  layer  .if  wa  ‘  or  which  remains  after  the  stream  recedes. 

I'-d.  Insects  r.os.t,  affected  by  fluctuations  in  flow  ai-e  the  groups 
w  ich  are  gene'sally  regarded  as  quality  fish  food,  including  mayflies, 
st ',n'' :’l  ies ,  and  caddisf  1  i  I'S  (poweli  1988;  MaePhee  and  Brusven  1976). 
dyrriplis  and  larvaC'  of  these  spiecics  are  most  subj'ect  to  desiccation, 
since  t.heir  eggs  c.an  usually  survive  extended  pei’iods  of  exposure.  The 
nuTiber  of  insects  affected  by  ies  i  (’cati  i  Jii ,  therefore,  depends  on  when  a. 
flow  reduction  occur.s  .and  t.he  liff-  ,st,a.ge;;  of  the  inseetts  pr-esent. 
nesiccatitui  of  the  st  i-oambed  woulii  affect  the  population  drastically 


durinf’  a  larval  hatch,  but  unhatched  egps  may  i-emain  relatively  un- 
a  i'  hoc  t  ed  (  Hy  nor,  1 9'3B )  . 

L''0.  d t ab i  1  i red  I'lovn  .  Reservoirs  with  stable  releases  have 
rela'  ively  stable  l.ailwater  substrates  (V/ard  1976a).  The  associated 
invert  ebraf.e  fauna  stabilises  as  flows  and  substrates  become  more  con¬ 
sistent,  :-esnliin,'t  in  reduced  niche  ovej*laT'  and  a  shift  toward  community 
eqiii  1  ibr :  utr  (llla.nr.  et  al  .  1970;  Ward  19T6c).  ftreamflow  stability  com¬ 
bined  with  reduced  turbidity  may  enhance  algal  and  macrophytic  growxh 
art!  provide  a.dditional  food  niches  and  mi  crohabitat  diversification  for 
chironomic.s,  ol  igochaetes ,  and  mollusks  (Armitagc  1976;  Ward  1976a). 

Tile  stable  envl  n'^nment  and  rredi  ct.able  resources  tend  to  eliinirrite  some 
si'ecies,  resulting  in  a  less  diverse  fannal  assemblage  with  higher 

s. taiif!  I cr  'pr.  of  t  he  species  present  (Ward  1976b). 

IM.  Ill  t'lilwaters  sub.iect.cri  to  stable  seasonal  d  i ‘.=;charges ,  sedi- 
■lu-n' at,  i  or  may  become  limiilng  t.o  the  benthic  community.  I'xt  ended 
la'ricMS  ■,  f  minimal  releases  accompan  i  od  by  modei’atat  detrit.al  and  silt 
ii.ia'  I’t’otn  rutiiiff  and  st  reams  id<’  vegetation  elTect  i  vt.T  y  reduce  the 
av:.'ilab!t'  micrc/iialii  t.at  s .  Tlie  lack  of  spate’s,  necessary  to  flusli  the 
ndri'a;  i.'Mi'' t  r  i  a  1  t'row  the  substrate  interstices,  may  event. unlly  result. 

il'r'  complet.e  elimination  of  these  pro.duotive  invertebrate  micro- 
l;alv.  tat;'  (di.-'er  !*^7''). 

.  Ti’op-relcase  la’servi’i  rs .  folti  water  t.emperatures  'ind  rmir 
•w'itor  au'ility  (  Li,  w  diss.’lveii  oxygen,  reduced,  compounds)  often  occur  in 
t ',1  i  Iw'it. or;-  Ivclow  doi'p-rel  i.'tir.o  d.ain.'.  Stratified  •.ieep-rel  ease  reservoirs 
typically  tn-  .,!''ce  bt.-ntliic  t.ailw.ater  communitie;'  which  are  low  in 
iiver;-ity,  bnl  wiileh  may  li.-ive  high  sttinding  crops.  This,  situation  i  .s 

t. '.n  ic.al  of  "I,  st  ressed  envin'nment  (Ward  197^,  1^76c;  Young  i.  t  al  .  1976; 

!  ea--s...n  et  1  .  lObB). 

I'll,  M.1  ii  ficati'-n  of  t.he  ni’rmal  tempemture  u-egime  can  tifrect  the 
d  i  V(.'r ;;  i  t.y  .'ttri  quantity  "f  t.he  benthic  f.-iuna  several  kilom.etres  do'wn- 
;-d  re-i.r;  t'l'om  a  coldwat. or  rele.-ise  dam  (Pearson  '’t  al.  1968;  Lehmkuh], 

1977,  Ward  1976c).  The  over.all  change  in  temperatures,  coupled 

with  t.lie  (iel.ay  of  season.al  flvictuations ,  oft.en  results  in  the  elimina¬ 
tion  of  m.'uiy  invertebrate  sjiecies  from  the  tailwaters.  Minimum  winter 


inaximuri  ijmtimer  temperature;:  that  would  normally  provide  the  thermal 
;-.t:nuJU8  err.ential  for  the  initiation  of  various  life  history  stages  of 
rr.ny  streiLm  invertebrates  are  never  reaehed.  Reduced  growth  efficien¬ 
cies  at  the  lowered  temperatures  may  eliminate  species  which  are  unable 
to  adapt  metabolically  to  abnormally  cc.'ld  summer  temperatures  (Hannan 
and  Young  197*0.  Alternatively,  warm  winter  temperatures  may  accelerate 
growi.il  rates  and  result  in  premature  emergence  and  exposure  to  air 
temperatures  tliat  may  be  lethal  or  that  may  comi'licate  the  mating  pro¬ 
cess  (Viard  1976c).  These  conditions,  along  with  delays  in  spring 
wairining  and  aut.umn  C  '.ali.'.g,  may  prevent  t.he  natural  hatching  and  growth 
■f  insects  tiiat  iiave  stringent  thermal  requirements  ( Lehmkuhl  197R). 

1  Oi .  The  lack  of  daily  fluctuations  in  water  temperature  may 
;  I’event  the  initiati'.'n  o*'  egr  or  larval  development  (V/'ird  1976c).  Diel 
ter.pf  rat-ure  fluctuati'‘'ns  in  a  o't-liour  peri-'  i  were  as  great  as  10°C  in 
an  UTiregulated  strciun  in  Rngi-ani,  but  rarely  exceeded  in  a  regu- 

lat.oii  section  (Armit-ag<.‘  1977). 

l^)f.  stresses  imposed  ai  aquatic  i  nveiv u-bra t  es  below  deep-release 
reservoirs  may  also  be  due  to  low  di  ssoii'-cd  .ixygiMi,  the  nresence  of 
iiigi:  concentrations  of  lip'  a.ni  ot.he:'  decc'mp'Osi  ti  ■'ti  by-v.roducts ,  or  the 
intei’action  of  tiiese  I'.actors.  (Coutarit.  iiick;:  196**;  Young  et  al . 

1976).  Keaeration  of  t*;e  w.a+er  as  it  Trasses  through  a  dam  may  increase 
the  concent.rat  i  on  of  dissolv.'i  oxyg-.-ri  to  a  level  tolerable  by  the  tail- 
wnt.er  biota,  but,  tiie  by-products  (e.g.,  i  rca: ,  manganese,  hydrogen 
ssulfido)  c>f  iiypol  imnctic  vlecomposi  t  i  on  may  be  more  persistent  and  have 
a  detrimental  effect  i.'n  tailwat.er  organisms  {Coutant  1962).  If  re- 
iea.seu  from  the  reservoir  are  increased,  the  harmful  effects  of  the 
ip,gv, i  im.neti c  lisclKirgcs  can  be  exterried  downstream. 

It6.  P('op-rel ea::o  )-eservoirs  do  not  necessarily  release  water  of 
no  a-  quality  (low  or  no  dissolved  oxygen,  reduced  compounds)  but 
assinedly  ;  roiluce  ,a  new  environment  which  favors  coldwater  rather  than 
warmwader  ocg'iiiisms  (Hoffman  and  Kil'unbi  1970).  Tn  stratified  reser- 
V  'ir.s  wliora?  anoxic  c<';nditions  and  poor  watei’  quality  do  not  develop 
in  tho  iiyp' ’1  i  mni '  ni ,  increased  concentrations  of  dissolved  nutrients, 
vp  .  ,  ami  lowered  t,ur-bi  lii  ti  es  may  favorably  affect  the  living  conditions 
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ol'  tai  lwat07'  irivoftebrati'i;  (Pena;;  el  a].  '1968).  In  these  circumst.ances , 
the  iK'iitlii  j  i-otrmunity  may  have  characteristics  similar  to  those  of 
comnmn  i  t  i'  l;  in  sltavims  with  mild  orf'anic  enrichment  (Ppence  and  Hynes 
19Tla) . 

IhY.  i'i  1  tc'r.'ible  food  material  (plankton,  some  bcnthi  c  organisms, 
and  mi  see  1 J  ant'on;;  seston)  pi'etiucoii  in  deep-release  reservoirs  may  bo 
p.'iss.ed  into  ttio  tailwaters  during  I'eriods  of  complete  vertical  mixing, 
ii'wevor,  tlii  L'  is  not.  a  I’ellable  food  source'  since  the  f)lanktt)n  .and 
scs!  11  ai'.'  coiigrogntoii  in  tiio  upper  strata  of  most  reservoirs  diiring 
ra  f  i  f ;  ca  t  i  ('ll  and  arc  t}i-'ja.':‘or('  unavr:i]ablc  1  (.i  the  discharge.  As  a 
res..]*,  fii  :  or- r'ecdi  ng  i  n  vertebral  es  .are  ofteji  restricted  to  .iownstream 
*ailwate:-  1 ' 'c.-o  i  oiis. ,  wlvre  •;  i  schaiaaa  c-ffects  tiave  been  modified  and 
sufficient,  'i.rn  lunt.s  .  fi  1 ’..L-rabie  material  have  been  inti-oduced  tiirough 
runef”  .1^,^.  ;,>■  i  but. a  sy  inflow  (War.i  l9T6b).  I’lauktt'n  an.i  benthos  may  be 
i  i  1  fr  s  >me  dci.'p-release  reservoi  rs  during  stratification  if 

tic’  riyr  limni  s;  i-'-nain.'.  .  .xy.gen.atcd . 

!  ‘  .  .''.rfaia.'-rele.ar.t'  reservoi  rs .  The  downstream  effects  of  a 

snr fnce-j'c  1  t'a s.c  7-er.erV'>ir  are  visually  s.lmiiar  to  those  produced  by  .a 
natna’al  svir  fai'.  ■-.■a  • :  ease  l.aki'  (W.ard  .and  fd.anfor.i  1979)  •  V/oter  quality 
i  .■  -a'lieradiy  not  a  nseblt'm  and  t.ailw.ater  temporature.s  may  only  be 
dera  I  •  i  y  i  ii  !‘i  uencr>,i  In  comparision  to  deep-release  sites. 

1‘  .'hallow,  s.urfaco-reli.'ase  resi'i-V'.iirs  can  produce  abundant 
'luant  .1 1,  i  es  e'f  b'-ttof,  fauna  and  plankton.  Invoi'tebrates  in  tht.'  tailwater 
may  subsequently  ’-oceive  mucii  of  their  food  in  the  form  of  seston  and 
insects,  from  the  ri'Servii  i  r  (iischarge  (W.alburg  et  nl  .  1971).  Because  of 
the  ricii  s.visiH'iis  i . -n  ■.if  foo,.l  in  the  roserviur  release,  fi  Iter-feeding 
insects.,  I'.a.r' i  I’ul  arly  t  r  i  choiit.crans ,  may  be  extremely  abundant  in  the 
t'li  j  w.at'i-.  fjenerally,  tiie  increase  in  benthic  density  is  accompanied 
by  a.  re.iuce.l  .livcrsity  .and  tlic  elimin.ation  of  .sc.vme  species.  In 
formcfJy  c.iliwater  slrc.a.ms,  the  ri' lease  of  warm  .surf, ace  water  from  the 
ri'Si't’voir  during,  summoi’  may  result  iu  a  reduction  oi’  elimin.ation  of 
ccr'ta.in  s-i.-cies,  from  the  !..a  i  !  wat.t'r  (Fraley  1978',  Wai-d  and  Phort.  1078). 


Kenthic  Invertebrate  Drift 


Stream 

160.  Tntcrspeei f ic  competition  for  food  and  microhabitats  may 
resuli.  in  an  active  downsti'eam  movement  or  "drift"  by  many  benthic 
organisms  (Waters  19f>9;  iiildebrand  197^)-  The  benthic  invertebrate 
fauna  and  the  driftinft  fauna  are  not  distinct  communities.  Drift  is 
merely  a  temporary  event,  in  the  life  cycle  of  most  benthic  organisms 
(Waters  19TS) • 

1 61 .  Benthic  organism.s  enter  the  drift  when  they  leave  their  pro¬ 
tective  retreats  and  arc  s.weiit  downstream  by  the  current.  This  process 
gonera.lly  occurs  at-  niglit  during  periods  of  feeding  activity  (Waters 
1969).  The  feed  i ng  activity  of  each  species  is  governed  by  a  diel 
patter!!  based  on  photoperiod  and  is  generally  initiated  at  the  same 
time  i.'.'ich  (Lay  (Elliot, t  19C'7 ;  Waters  19TD).  The  -actual  movement 
downsttariri  jirobably  occurs  :is  a  series  of  short  hops  with  the  turbulent 
flow  'issuring  frccpient  cent. act  with  the  s\ibstrate.  The  distance  of 
t',a;uaigo  depends  iU'imarily  on  velocity  of  flow  and  the  species  of  inver- 
tolu’at-e  i  I'.vol  ved  ( 'do>a‘  I  977  ) . 

It.’.  When  flows  are  suddenly  incre.ased,  the  physical  disturbance 
,  f  fli-'  Si’ la'.'imla.'d  .-.t  imulator.  a  catastrophio-l  i  ke  response  from  tlie 
tn'dlh  Si  .and  theit'  presence  in  tlie  dril't.  incre.ases  markedly  (Elliott 
lo'i’p;  Pru;:'v'en  et  .al  .  1976).  The’  .actual  number  of  organisms  in  the 
li-ift  I'l'f  unit,  volume  reminins  relatively  stable  during  these  periods, 

I'ut  i.h''  inimheia-,  i>as>sing  a  certain  p(^int  in  the  s^tream  over  a  period  of 
t  i!’!''  rsiy  incra’.ase  significantly  (Waters  1969)-  Natural  spates  in 
I'o'iris.  ni.'i.v  iiis;!ersi’  or-ganisms  over  an  increased  living  area  or  may 
li.u  I'lcc  t.tiem  into  stream  environments  such  as  pools  and  runs,  where 
‘h''y  find  ;v,irviv:il  difficult,  and  where  t.hey  are  more  likely  to  be  con- 
■.■.um”  i  (W,-!‘.ci-s  1*^69)  •  Many  benthic  (.organisms  die  when  they  are  swept 
d  wn;-.  ’  re-tj!i  itit.i'i  pliysi  cally  o?-  chemically  ur\acceptable  zones 
(Hu.u-.-d  1-llunter  1970)  . 

l!  1.  Ttie  drift  m.ay  also  be  urual  a.s  .a  nurans  of  escape  frc;m 
-ies.  i  cc'iti  on  during  li5w  flows  (Elliott  1971).  Increases  in  the  drift 


ro::u]  t,  '.'i-om  :i  deelJiu^  in  available  living  space  associated  with  drastic 
I’oduei. ions  in  streamflow  (Minsiiall  and  Winger  196^;  Armitago  197T;  Gore 
19Y7).  Areas  dowTislt’eain,  I’elatively  unaffected  by  reiiuced  flows,  may 
actually  exliibit.  increased  invei-tebrate  poiuil at i onn  as  a  result  of  the 
acc\imulat  ion  or  orgatusms  from  dewatered  riffle  ai-ean  (Gigcr  1977). 

loll.  Re  covcU’v  of  the  bottom  fauna  after  s.tretuiibeii  exposure  or 
other  catast.rojihi  c  evesits  may  be  rapid  (19-Gt7  days)  after  natural  con¬ 
ditions,  return  (ilcT-ricks  aiul  Cairtn;  i9Tli-7t^).  Drifting  organisms  from 
upstronm  areas  quickly  rocolonixe  the  affeidoai  streambcd.  Recoloni za- 
t  i  on  of  denuded  areas,  may  also  be  aided  by  a  certain  amount  of  upstreiun 
"crawling"  movement,  wliicli  may  replace  about  6  percent  (by  numbei’)  ol’ 
tile  downstream  loss,  due  to  (iri  ft  ( Pi  shop  and  Il.NnK’s.  1969).  Tlie  renewal 
of  drift  out  .o!'  a  disrupted  area  may  bo  deJayeii  until  the  community 
iias,  rei'overed  t.o  a  I'oint  wliere  tlie  bontliic  pojailation  exceeiis,  th<' 
carrying  cai'.acil.y  of  I  die  habit.at.  (Dimond  IboY).  Hie  failure  of  a 
itu’merly  abundant  speiMes  to  T-epo]'ula t.e  an  area  after  a  stream  distur- 
baiiLU'  may  allow  otlier  s.pecies,  to  become  estab  1  i  s.lied ,  ultimately  result¬ 
ing  it:  u  rdtiff.  in  I'ommunity  composi  (.  i  on  tind  abund.atico  (W:iters  I96I1). 

'I’ai  I  waters 

Iti','.  Drift  in  'ailw.aters,  is  primarily  composed  of  c^rg.ani  sms.  from 
t.he  la'servoi  r  above,  par!  i  cul  arly  below  uns.t.ra*  i  !'i  ed  reservoirs  and 
reservoirs  wi  i.h  sur  fai'c-rel  e-ase  systems..  Mi  croerir-1  aceans  airi  certain 
ins.ect.  Larvae  (e.g.,  GhaoKrais)  ptMiuci^.i  in  the  reservoir  Ckimm.'rily 
doninat.e  the  tailwati-r  drif‘  (ilibs.oi,  an.i  riibraitii  l''>7'’;  Armit.age  1977, 
I  976 ) . 

1('6.  Drift  of  bentiiie  orr.-iti  i  ::;:is  'hat-  live  iti  tdie  t.ailwater  occurs, 
primarily  tin  a  result,  'd'  extreme  f  1  uct.ua  t  i  ons.  in  reservoir  disciiarge. 
IM.'en  s.pecies.  not  r.ormally  foutid  in  t  tu'  drift  (v'.g.  ,  Chironomidae )  may 
('lit,.'!'  the  drift  hecause  of  ilies.o  f !  uc  t  u.a  t  i  ons  (Prooker  and  Hemsworth 
Id'j'P).  Tncreas.'d  dri'd  may  result,  in  considerable  reduction.s  in  the 
a,bund.a,nc-e  of  tlie  s.tream  fauna  without  .aiMu.al  streambed  .iesi ccati on 
(Uasd  Id'i’i.H).  Ropo;  II I  nt  i  on  of  .ieiiiuled  .■.one;-  is.  obviously  not  possible 
I'r  .III  S'iiiri’t'’r  urist  renm,  liec.ausi-  of  !.be  pres-tmee  ol'  t.lie  reservoir .  Re— 
I'ol  lii  .'.at.ion  is,  t  heri'foiv  ii.pi'iident  on  si’Voral  factors,  including  egg 
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deposition  by  adult  insects  wliich  fly  upstream,  random  oviposition  of 
remaining  individuals  in  the  denuded  zones,  and  upstream  crawling  or 
swimming  by  nonaeriai  invertebrates.  Eggs  deposited  by  insect  species 
which  are  tolerant  to  the  particular  tai Iwater  environment  will  develop. 
Otlier  species,  which  ai’e  not  adapted  to  the  specialized  conditions,  will 
be  eliminated. 

lb?.  Minima!  daily  fluctuations  arui  seasonally  stable  flows  may 
result  in  increased  bentlii c  populations  (Ward  1976a).  However,  the 
stable  flows  that  enhance  bentlii c  invertebrate  development  may  reduce 
drift.  Reduced  di-i ft  in  this  instance  may  be  detrimental  to  fish  pro¬ 
duction  by  limiting  the  availability  of  prey  (Chapman  1966). 

led.  'I'l'iT'.'sd.rial  insects  may  make  a  significant  contribution  to 
availabli  t'isii  food  in  the  taiiwater  drift,  especially  in  areas  where 
s  tre-unside  vct'e'at,  i  on  is  abundant  (Waters  196)t )  .  They  may  be  attracted 
to  t.he  cool  ,  moisi  areas  of  exp 'sed  streambeds  below  reservoirs  during 
periods  of  reduceu'  flows,  and  wtuai  discharges  are  suddenly  increased, 
tdiey  are  swof't  downst,re;un  with  the  drift  (Pfitzor  I962).  Since 
terrestrial  insect, s  are  most  active  during  daylight,  they  are  more 
commonly  found  in  the  dri ft  during  the  day  than  at  night  (McClain  1976). 

f.oopl  anktori 


169.  River  and  stream  environments  are  poorly  suited  for  the  pro¬ 
duction  and  nninten.mce  of  zooplankton,  and  l.hey  characteristically 
harbor  small  r.oopl  aukton  popxilations  (Hynes  1970).  Their  abundance  in 
flowing  waters  '  s.  inversely  related  to  the  rate  of  the  current  flow. 
Tlius,  the  I’.OMi' iankton  present  must  be  supplied  to  the  stream  from 
adjacent  (piiet-wat('r  areas  or  other  suitable  productive  habitats  in 
the  drainage  (Hynes  1970). 

170.  Most  s.oopl ankt.on  found  in  tailwaters  are  produced  in  the 
upstream  reservoir.  Come  zooplankton  may  be  produced  in  backwaters  and 
other  qu  i  et-wat,c!-  zotics  .ad/jacent.  to  the  taiiwater,  b\it  the  input  from 
tiiese  area;;  is  not.  s.ignificant  when  compared  witli  that  of  the  reservoir. 
Therefore,  the  speci<’s  .ami  abundance  of  zooplankton  found  in  the 


tailwater  are  dependent  on  the  species  and  abundance  in  the  reservoir 
population  (Brook  and  Woodward  1956). 

171.  The  reservoir  zooplankton  coinmunity  may  vary  as  a  result  of 
seasonal  population  cycles.  The  community  is  also  influenced  to  a  large 
degree  by  the  hydraulic  residence  time  of  the  reservoir.  Zooplankton 
numbers  are  generally  higiier  in  reservoirs  with  longer  hydraulic  resi¬ 
dence  times.  Both  of  these  factors  eventually  affect  tailwater  zoo¬ 
plankton  abundance. 

ITf-  The  amount  of  zooplankton  p^assed  into  a  tailwater  depends  on 
the  depth  of  reservoir  release.  The  zooplankton  migrates  vertically 
within  the  water  column  in  response  to  changes  in  light  intensity.  This 
vei'tical  migi’ation  may  keep  the  zooplankton  away  from  the  level  of 
discharge  during  certain  periods  of  the  day.  Zooplankton  abundance 
will  also  be  altered  in  tailwaters  below  selective  withdrawal  dams, 
where  changes  in  the  level  of  witluirawal  are  made  on  a  seasonal  or 
dn ily  basis. 

173.  Zooplankton  transported  int.o  a  (aiiwater  from  the  reservoir 
provides  a  more  readily  available  source  of  energy  and  protein  than  the 
detritus  nm-mally  found  in  ujiregulated  streams  (Armitage  1978).  Most 
of  the  zoo]'laiikton  dis.chargeil  from  hy[)olirine1  i  c-rel ease  reservoirs  is 
already  tiead  and  siini'ly  oontributos  to  the  stream's  load  of  organic 
debris.  Moribund  ,  nor  1  ankt  etai  sett  le  <->ut  and  decompose,  providing  a 
iiutrient-r ich  detritus,  in  t.he  t.aiiwater  area  (Armita.ge  and  Capper  1976). 
Bo.ason.al  inconsi rd. one i ('s  in  1  hc'  reservoir  liscrharge,  however,  preclude 
zooplankton  from  being  .a  reliable  source  of  either  nutrient  inputs  or 
food  for  bcntdiic  comsumpti '^n  in  the  tailwater-  (Ward  1975). 

17^‘.  Larger  bodied  roopi  ankters  (e.g.,  copepods  and  daphnid 
clndocorans)  may  be  common  in  tailwat(.’rs  immediately  below  surface- 
rele.asc  reservoirs,  but.  t.hey  ivipidiy  disapiprear  as  the  water  flows 
(icwnstre.'im .  The  ]irogres;',i ve  reduction  in  densities  downstream  is 
characteristic  and  has  been  document.ed  by  several  investigators 
(Ciiandlcr  1937;  Mtober  1963;  Ward  1975;  Armitage  and  Capper  1976). 

175.  The  zoc'plankton  decrease  which  occurs  between  reservoir 
outlets  arid  a,j-t.'a.s  downsi  r’oam  is.  liu"^  to  a  combination  of  factors. 
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including  the  abundance  of  zooplankton  discharged,  the  filtering 
effects  of  periphytic  vegetation  in  the  tailwater,  physical  destruction, 
predation,  and  adherence  to  or  ingestion  of  silt  and  debris.  Chandler 
(1937)  indicated  that  zooplankton  discharged  from  a  reservoir  in  July 
was  reduced  99  percent  8  km  downstream;  whereas,  during  February,  when 
population  levels  were  higher,  abundance  was  reduced  only  UO  percent. 
Algae  and  mosses  in  the  tailwater  essentially  act  as  filters,  removing 
the  zooplankton  as  it  flows  through  the  vegetation  (Chandler  1937). 
Armitage  and  Capper  (1976)  noted  that  99  percent  of  the  zooplankton 
discharged  had  disappeared  within  the  first  few  kilometres,  the 
greatest  losses  occurring  in  the  first  UOO  m  below  the  dam.  Larger 
organisms  become  entangled  more  easily  and  are  eliminated  from  the 
stretimflow  sooner  than  smaller  organisms.  For  this  reason,  greatest 
z.ooplankton  reductions  in  tailwal.ers  may  occur  when  aquatic  vegetation 
is  abundant  and  tlie  t.ailwater  levels  are  lowest.  When  water  levels  in 
the  tailwater  are  higli  and  aquatic  vegetation  is  absent,  the  vegetative 
filtering  phenomenon  is  eliminated,  and  zooplankton  may  be  more  per¬ 
sistent  downstretam  (Chandler  1937). 

176.  Zooplankton  is  also  highly  susceptible  to  physical  abrasion 
and  fragmentation.  Some  zooplankters  are  utilized  as  prey  when  flushed 
from  the  reservoir,  benefiting  populations  of  benthic  macroinvertebrates 
and  fish  in  the  tailwater  (Ward  1975).  Other  zooplankters  cither  ingest 
or  adhere  to  sand  and  silt  in  the  turbulent  tailwaters  and  become 
heavier,  tending  to  sink  and  die. 

Tailwater  Effects  on  Specific  Invertebrate  Taxa 

177.  The  productivity  and  occurrence  of  stream  organisms  in 
tailwaters  are  determined  by  physical-chemical  stresses  imposed  upon 
the  ctjmmunity.  These  stresses  are  related  to  the  quantity  and  quality 
of  the  releases  from  the  reservoir.  Species  normally  present  in  a 
stream  may  be  enhanced  oi-  reduced  in  a  tailwater,  but  the  structiare 

of  the  tailwater  communit.y  is  generally  much  different  fi  om  that  of  a 
natural  stream . 
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17^.  Immature  life  stages  of  insects  from  four  orders,  including 
Diptera,  Tfichoptera,  Ephemeroptera,  and  Plecoptera,  are  prevalent  in 
natural  streams.  Other  aquatic  insects,  mollusks,  benthic  crustaceans, 
oligochaetes ,  and  planktonic  invertebrates  may  also  be  abundant. 

Diptera 

179-  In  tailwaters,  dipterans  appear  to  be  the  group  best  adapted 
to  the  altered  conditions  of  reservoir  releases  (Ward  1976c).  Dense 
communities  of  Simuliidae  and  Chironomidae  often  occur  in  the  immediate 
tailwater  below  deep-release  reser’voirs  because  major  invertebrate  pre¬ 
dators  are  few  and  fish  d i'vei'siti es  are  low  (Ward  1976c).  They  may  be 
the  only  invertebrates  present  because  i.)f  their  ability  to  adapt  to 
conditions  in  most  cold  tailwaters.  Fat't.her  downstream  in  the 
tailwater  elevated  water  temperatuta's ,  pre<iatLon,  and  microhabitat 
competition  may  result  in  reiiuced  d('tirLties  of  both  families  and  the 
possible  disappearance  of  r-irnul  i  iiiao . 

l80.  Simuliid  larvae  and  pupae  pi’ei’er  cold  water  and  are  appar¬ 
ently  tolerant  of  the  poor  water  quality  which  occasionally  occurs  in 
tailwaters  below  deep-release  darns  ( 11  i  1  serih>)f f  1971;  (loodno  1975). 

They  ai-e  not  common  below  surface-release  dams  or  in  tailwaters  where 
water  temperatiU'es  may  become  too  high  for  their  survival.  The  more 
diverse  fauna  which  exists  farther  downstream  from  these  dams  addi¬ 
tionally  limits  the  establishment  of  simuliid  populations  because  of 
increased  invertebrate  competition  and  predation. 

iBl  .  The  various  species  in  the  f;imily  Chironomidae  are  adapted 
to  a  wide  range'  of  environmental  conditions,  making  them  ideal 
tallwc.ter  inhabitants.  Some  prefer  cecld  water,  while  others  prefer 
warm  water.  Otdior  species  have  more  generalized  requirements  and  may 
bf'  ftiund  in  a  variety  of  cc'nditi ons .  The  seasonally  altered  tempera¬ 
tures  found  in  tailwaters  below  deep-release  dams  (winter  warm,  summer 
cool,  and  delayed  maximum  and  minimum  temperatures)  may  allow  some 
species  of  chironomid  larvae  to  survive  during  periods  of  the  year  when 
they  would  not  be  found  in  natural  streams.  However,  these  same 
alterations  may  modify  emergence  patterns,  which  are  controlled  by 
water  temperature  and  light  inte^nsity  (Oliver  197l).  Adults  in  these 
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instances  may  undergo  premature  emergence  resulting  in  disorientation 
and  reduced  survival . 

Trichoptera 

182.  Most  species  of  Trichoptera  found  in  tailwaters  are  net 
spinners  or  filter  feeders.  Their  abundance  is  directly  related  to  the 
availability  of  seston  discharged  from  the  reservoir  which,  in  turn,  is 
dependent  on  the  location  of  reservoir  outflow  (Rhame  and  Stewart  1976; 
Ward  1976a).  Deep-release  reservoirs  provide  an  extremely  unreliable 
food  soixrce  because  of  the  lack  of  seston  during  periods  of  stratifica¬ 
tion.  Unstratified  and  surface-i'elease  reservoirs  may,  in  contrast, 
provide  a  rich  food  source,  including  plankton  and  other  suspended 
organ i c  matter . 

183.  The  success  of  a  certain  species  may  depend  on  the  size  of 
the  food  particles  that  are  available.  Individual  species  crop  parti¬ 
cles  of  specific  sizes,  depending  on  the  mesh  size  of  their  gathering 
apparatus  and  their  location  in  the  streambed  (Wallace  et  al.  1977). 

18U.  Variations  in  flow  also  affect  trichopteran  survival.  Ade¬ 
quate  current  velocities  are  necessary  to  supply  food  and  oxygen  to 
stationary  larvae  and  influence  the  design  and  construction  of 
food-gathering  nets  (Haddock  1977;  Wallace  et  al .  1977).  Sufficient 
flow  is  required  to  keep  food-gathering  nets  extended,  but  higher  flows 
will  result  in  their  destruction  (Haddock  1977).  Large  flow  variations 
below  some  darns  may  inhibit  tire  survival  and  feeding  success  of  some 
trichopterans ,  since  food-gatheri ng  nets  are  swept  away  at  high  flows 
and  collapse  at  low  flows. 

iSs.  Larvae  of  some  species  of  Trichoptera  are  found  in 
quiet-water  areas  of  natural  streams.  They  are  unable  to  withstand 
swift  water  and  are  not  dependent  on  net-gathering  mechanisms  for 
their  food  supply.  Quiet-water  areas  are  uncommon  below  most  reser¬ 
voirs  and  if  present  they  are  subject  to  destructive  periodic  flow 
increases.  As  a  result,  most  trichopterans  found  in  tailwaters  are 
adapted  to  living  in  swift  water. 
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Ephemeroptera 

186.  Ephemeroptera  (mayflies)  typically  inhabit  small  streams  with 
large-rubble  substrates.  The  number  of  species  present  depends  pri¬ 
marily  on  the  habitat  diversity,  since  each  species  exhibits  a  high 
degree  of  habitat  selectivity.  Generally,  the  presence  of  more  diverse 
habitats  is  reflected  by  an  increase  in  the  number  of  species  (Macan 
1957). 

1S7.  Ephemeropterans  do  not  usually  occur  in  tailwaters  because 
the  stable  tliej'mal  regime  found  here  does  not  provide  the  temperature 
stimulus  required  for  life-stage  lievelopment .  They  are  additionally 
affected  by  the  reduced  habitat  diversity  and  the  absence  of  an  ade¬ 
quate  food  su]q^ly  (detritus).  Downstreiun,  where  the  effects  of  reser¬ 
voir  releases  subside,  mayflies  gradually  become  more  prevalent  as  the 
ta. i  Iwater  becomes  moi’e  "sttarim-likc"  (behmkuhl  1972). 

188.  Epiiemoropterans  are  rarely  found  in  streams  where  velocities 
are  below  L5  om/sec  <.);•  above  91  cm/sec  (Delisle  and  Eliason  I961).  Few 
sno-c  i(?s  are  able  to  L'urvive  in  areas  subject  to  extreme  flow  reductions 
(MaoPheo  and  Erusven  197?;  Ward  1976a).  Mayfly  species  equipped  with 
hs'ld-fast  organs,  are  able  to  exist  in  tailwaters  with  moderately  high 
curreiit  veio'cities.  (Ward  1976a). 

189.  M  st  •sphemor'i'pti.'ranG  do  not  readily  colonize  areas  in  a 
constant  state  ..f  wat-'i'-ievol  fluctuation  since  tiiey  cannot  tolerate 
both  low  and  high  fh'w  ext!-emes.  One  g<--nuG  (Paraleptophlebia) ,  however, 
h.as  been  found  abundantly  in  tailwat.oi's  exhibiting  tiiese  types  of 
fluctuat.  Ions  (Trotsky  and  Gi-egory 

n  ccoptera 

190.  Flee  ■.;  lerans  are  usually  not  found  in  tailwaters  because 
the  i.'ss,  of  hribit.at.  heterogeneity,  dnanges.  in  flow  regime,  and  re- 
lativtdy  st.ahlc  ^  emperat  uror.  make  ci aid i ;  i on. s.  unacceptable  for  their 
gi-nwdd)  atid  level  n.pnen:  .  nowns.t  feam  their  abur,d.ance  generally  increases 
a.s  th<’  inf  i  nonce  of  ipe  reservf'ir  discharge  declines  (Ward  1976a). 
fevei-al  species  'f  nl  eeo;.' et-ans  (e.g.,  chi  oroperl  L  ds )  are  not  affected 
by  rapi<lly  f  1  nefu.at  i  tig  fb  .ws,  anu  may  become  abvmdant  in  tailwaters 


where  other  environmental  conditions  are  suitable  (Ward  and  Stanford 
1979). 

191.  Plecopterans  are  common  predators  on  trichopteran  eggs, 
chironomid  larvae,  and  simuliid  larvae  in  natural  streams  (Vaught  and 
Stewart  19Tl).  The  absence  of  these  predatory  species  contributes  to 
the  increased  abundance  of  Simuliidae  and  Chironomidae  in  most  cold 
tailwaters . 

Mi scellaneous 

192.  Amphipods,  oligochaetes ,  isopods,  mollusks,  and  turbellarians 
are  often  abundant  in  tailwaters.  One  factor  common  to  these  groups 
that  may  be  signif’icant  to  their  abundance  in  tailwaters  is  the  lack  of 
an  aerial  adult  stage  in  their  lii'e  cycles.  Because  they  do  not  have 

an  aerial  adult  stage,  they  are  not  subject  to  the  problem  of  premature 
emergence  that  often  occurs  among  aquatic  insects  in  thermally  altered 
tailwaters  (Ward  and  Stanford  1979). 

193.  Ward  and  Stanford  (1979)  indicated  that  amphipods  are  often 
abundant  in  tailwaters  that  have  reduced  summer  temperatures  and  stable 
flow  regimes.  High  nutrient  inputs  and  reduced  flood  flows  also  favor 
aniphipods  because  streambed  siltation  and  increased  macrophytic  growth 
which  oecui-s  in  these  situations  are  highly  beneficial  to  their  develop¬ 
ment  (Hilsenhoff  1971). 

19^*.  Oligochaetes  may  be  present  below  deep-release  reservoirs  in 
pools  away  from  the  strongest  cuT-rents.  The  cool,  nutrient-rich  water 
anfi  lack  of  destructive  spates  favor  establishment  of  dense  populations 
in  these  areas  (McC.ary  and  Harp  1973;  Arwitage  1976). 

195.  Tsopods  mray  be  the  dominant  organism  in  the  riffle  areas  of 
cold  tailwaters  (McGary  and  Harp  1973).  They  are  also  less  affected  by 
minor  water-level  fluctuations  than  other  invertebrates  because  they 
can  migrate  out  of  areas  t.hat  are  periodically  exposed. 

196.  The  distribution  of  molluskn  in  nat.ural  stro;ims  is  deter¬ 
mined  primarily  by  substrate  patterns  and  types.  The  chemical  and 
physical  alterations  that  occui’  in  t.ailwater  (environments  have  both 
enhanced  and  disrupted  mollusk  populat i ('ns . 
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197.  Kiiriched  growths  of  attached  algae  and  increased  organic 
sediment  were  found  to  encourage  the  establishment  of  pulmonate  snails 
(Physa)  during  the  absence  of  scoui'ing  releases  or  during  extended 
periods  of  reduced  flows  (Williams  and  Winget  1979).  However,  Harman 
(l‘')77)  found  tliat  chemical  and  biological  alterations  of  the  tailwater 
envii’onment  negatively  affected  the  mol lusk  population  and  reduced 
spt’cies  diversity.  Tiie  numbei'  of  mussel  species  wa.s  nlr.o  reduced  in 
tile  'I'ennessoi^  Hivei'.  Alterations  to  and  loss  of  riverine  liabitat  after 
extensive  I’eservoir  construction  reduced  the  munber  of  species  from  100 
*1,0  approximately  90  (Isom  1971).  Former-iy  abundant  species  were  re¬ 
duced  or  eliminated  and  nal.ural  replacement  was  limited.  The  change  in 
fish  species  that,  also  occurred  as  ;i  res-ult  of  rescu-voir  construction 
further  reduced  mollusk  populations  t  hrongli  t.lio  obstruction  of  fish-host 
associations  that  are  a  necessary  part  of  t  lu'  nuil  lur.kan  life  cycle 
(Isom  1071). 

19i‘^.  Turbe 1 1  ari nns  a[)pear  to  be  .‘i  minor  member  of  tiie  tailwater 
invertebrate  civiimunity  .and  are  not  widely  studied.  Hased  on  the  few 
studies  liiat  have  been  con.iucted,  turbel  lar  inns  apjiarently  increased 
in  tailwater;;  wit.h  ;'.1.able  flow  regimes  and  cool  r.umincr  temperatures 
and  declined  in  tai iwaters  with  fluctuating  flows  (Ward  and  Stanford 

1979) . 

199.  Crayfish  are  common  in  some  tailwaters;  however,  no  mention 
of  this  group  was  made  in  the  literature  except  as  food  for  some  fish 
species . 


PM-iT  VTT:  FTSHEP  IN  TAILWATERS 


POO.  Ill  ttii;:  section,  fishes  tint  commonly  occur  in  tailwaters 
ai'e  discuHSeii.  t’he  lu'esenta  t  ion  is  by  family,  followed  by  individual 
si'ecK?;;  or  /rroiips.  Fi  o.h  sf'ecies  which  occur  in  tailwaters  but  are  of 
oily  minor  inportaru'e  because  few  are  p;enei-ully  captiu’eti  or  they  ar-e 
iitt.le  incntioticd  i  ti  '..a  i  1 -writei-  li  t  ou’ature  arc  not.  discussed.  Those 
incliiue  s, secies  from  the  ft'liowiny  f;unilies:  i'etromyzontidae  (l:im- 
’.‘•oys.);  Acii'cnsoridao  ( stiirreoris ) ;  Lepisosteida.e  (pars);  Anguillidae 
lee's);  H  i  iidonsi '.iae  (r’oor.eyes  )  ;  Aplu-vedoder  i  (ine  (pirat.e  perches); 

Over  ;  o*  ntid'ie  (  ki  i  1  i  'h  slrs'S  ) ;  and  .-itherinid.ac  (  snlvci'si  lies  )  . 

0!.  A  bi'ic'  desc!-i  p!  i 'jn  of  ers/ 1  .••otimentul  conditiotis  nece.ssary 
for-  t  iio  sue  -es.s  i'll!  c,r;np  1  on  o'f  t.he  vai-ii'us  i  i  fi'  hisl-u’y  phaGi?s  of 
each  sr  ecios  o;-  i  p;'e-Gen1  t.-p  undcj-  tlic  fojiowin/'  r.oincs; 

Iskio'-o,  n  ■:  r-' •  rs- ‘  i  on  ,  f.,  d  ,  ai.c  -ige  and  tp-ovr'h.  This  is  followed  by 
■■■  .-yi  t.i'.os  !  s.  .  f  ••:;'w-i'o;-  ■  I o''-itui’e  pi.-rta  i  n  i  ruC  to  a  [nriicular  species 
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(;0'|--;),  paiiegci-  li'-lff),  and  other;'-. 

,'’0:'.  i’iic  comrioii  -iitii  si-ientific  n.-ine-s  of  yj  shos  mentione.i  in  this 
r-t^n  'r+,  ru-e  '.isrci:  in  Appe!iviix  C.  i-'is.hos  :'>-on;  ;,’orth  American  1,,-n  1  wat-.n-s 
'U’c  in.'lud'-  !  ; :]  T'ai-t  1  anc  nonoticl rvt  ui-e  !‘o.linws  that  of  Rai  J  ey  et  al . 
(i‘'>i0).  .-.iu-.r  f:-c)!-i  Kut-onc-ir.  t-i  i  1  wa.t  or  s  are  included  in  Part,  II. 

id  t’c  hi;'t. iry  i  nfos-r-f: ;  ;  .ai  fo;-  tlie  most  cormion  fish  grou’ss  discussed  in 
tf;.-  sepot't  is  given  in  At'jrendix  P. 

Pol  yodoi.t.l'iae  (  Paddle  fishes  ) 

'1-;.  'i'tK'  paiiii  1  ofi  s,l;  is.  one  ('f  the  i -u'ge.st  freshwat-er  !'Ish  in 
Ani.'sic-i.  It  is  I’ound  .>nly  in  the  f-ii  ssis;:;ippi  ,  Missouri,  and 
:  '  "'v"!-;-  ■:!.  i  ‘h'-ir  larger  t,ribu+ a  r  i  es. .  Ihunbers  of  p.-iddlefish  have 


declined  greatly  r.ince  the  advent  of  the  twentieth  century.  Major 
causes  are  believed  to  be  dtuns,  overfishing,  and  pollution.  Fish  con¬ 
centrate  below  dains  where  they  are  especially  vulnerable  to  fishing. 
Diuns  built  to  create  reservoirs  or  for  other  purposes  have  inundated 
many  former  spawning  grounds  or  have  prevented  fish  from  reaching 
upstream  spawning  areas.  The  decline  of  i)addlefish  stocks  in  past 
years  followed  the  increased  release  of  domestic  and  industrial  pollu¬ 
tion  into  the  waterways.  Paddlefish  populations  have  increased  in  some 
areas  where  pollution  abatement  has  been  effective  (Eddy  and  Underhill 
19TU). 

Paddlefish 

POU.  habi tat .  The  paddlefish  is  primarily  found  in  the  open 
water  of  sluggish  pools  arui  backwaters  of  large  rivers  where  it  swims 
about  continuously  near  the  r.urface  or  in  shallow  water.  For  spawning, 
it  requi^'es  access  to  a  large,  free- flowing  river  with  gravel  bars 
wliich  are  inundated  during  spring  floods. 

P05.  Originally  the  large  free-flowing  rivers  of  the  Mississippi 
Valley  pi’ovideci  ideal  habitat  for  paddlefisii.  Now  some  of  the  largest 
populations  are  found  in  man-made  impoundments  whore  tributary  rivers 
meet  tlio  firdi's  exc.cting  spawning  requirements.  These  conditions  are 
met.  in  some  reservoirs  in  the  states  of  Alabama,  Arkansas,  Kentucky, 
Missouri,  Oklahoma,  and  Tennessee,  and  in  several  mainstream  Missouri 
River  reservoirs  in  North  and  South  Dakota  and  Montana. 

.■^06.  Reproduction.  Tiie  reproductive  habits  of  paddlefish  were 
describeci  by  Purkett  (1961),  whose  studies  were  conducted  on  the  Osage 
River  in  Missouri.  Spawning  takes  place  in  midstre.am,  over  submerged 
gravel-bars  when  the  river  is  high  and  muddy  in  early  spring  at  temper- 
at.ures  of  about  1'3.5°C.  Meyer  and  Stevenson  (I96P)  reported  that 
female  paiUllefish  in  Arkansas  do  not  mature  until  they  are  over  11.3^ 
kg  in  weight  and  tliat  they  may  net  spawn  every  year.  The  adhesive 
eggs  stick  to  the  first  object  they  touch,  normally  stones  on  the 
stT'eamiiottA'n .  Kggs  hatcli  in  9  to  IP  days  when  water  temperatures  are 
about,  !  (Purkett.  1963;  Needham  196h).  After  hatching,  the  fry  swim 
ut'ward  vigoroiisly,  then  settle  toward  tlio  bottom.  Frequent  repetit.ion 
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o;'  this  activity  by  thf^'  fry  is  si f^iil fi carit  in  that  it  permits  the 
strong  cui'rents  to  sweep  the  Try  downstreiim  out  of  the  shallows  and 
into  deep  pools  before  tiie  gravel  bars  are  exposed  by  receding  water 
] eve Is . 

207.  Food .  lladdlefish  feed  primarily  on  zooplankton  and  insect 
larvae  filtered  from  the  water.  They  swim  slowly  wi  t)i  tlieir  mouths 
open  thi-ough  areas  wiiere  food  is  concentrated.  Water  passed  through  is 
filtered  by  the  long,  closely  set  gill  rakers.  The  function  of  the 
paddle-shaped  snout  in  relation  to  feeding  is  not  known  for  cei-tain, 
but  its  elaborate  system  or  sense  organs  may  enable  it  to  function 
pi’iitiarily  as  a  device  for  locating  concentrati  ons  of  food  organisms. 

208.  Age  and  growt.h.  Paddlefish  gi'ov  rapidly.  According  to 
Pflieger  (I9T5),  young  nearly  190  mm  long  have  heeri  collected  from 
overflow  pools  of  the  Misscrjri  River  in  early  July.  'Pwo  specimens 
kept  in  a  fer'tilized  pond  reached  a  length  of  about  0.9  m  and  a  weight 
of  .  .7  kg  when  they  were  17  months  old.  Padcilefi.sh  in  Lake  of  the 
Ozarks,  Missouri,  a.ttain  a  length  of  290  to  390  mm  in  their  first  year 
and  about  930  mm  in  tlieir  second  year.  Jeventeen-yoar-old  fish  average 
nearly  1.5  m  in  length  and  ]6.8  kg  in  weiglit.  Tlie  largest  paddlefish 
are  usually  females.  The  species  is  also  long-lived;  many  individuals 
live  more  tlian  20  years, 

Paiidleflsh  in  tailwaters 

209.  Large  concentrations  of  paddlefish  are  found  in  some 
tailwaters  esp(>ci  iiliy  during  winter  and  spring.  Most  studies  on 
padilefisii  in  tailwaters  are  concerned  with  spawning  and  reproduction. 
Paddlefish  reproduction,  preventeii  primarily  by  the  blockage  of 
upstream  migration  by  dams,  has  also  been  affected  by  tlie  altered  flow 
regimes  found  in  tailwaters.  Main-stem  hydropower  facilities  on  the 
Missouri  River  have  not  only  reduced  the  amount  of  natural  spawning 
ari'a  available  but,  have  also  rendered  most  of  t.he  remaining  river  areas 
unu.sable.  Large  did  writer  fluctuations  mask  or  delay  the  normal 
spring,  rise  in  water  flows  and  temperatures. 

210.  Young-of-t,he-year  fish  have  been  reported  in  only  one 
t,ailwat-er  of  tiic  Missouri  River  reservoir  syst.em  (Friberg  197^0. 
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.riiveniles  fcuiui  in  Lewi  n  and  Clark  Lake  were  produced  in  the  65-kjn 
section  of  the  Missouri  River  above  the  reservoir,  while  those  in  the 
tailwater  either  passed  through  Gavins  Point  Dam  or  were  produced  in 
t.he  9T-kin  reotion  of  natural  river  downsti’eam  from  the  dam  (Walburp 
19 fl;  Friberg  i9F*0.  Recruitment  from  the  reservoir  above  is  believed 
to  be  the  primary  soun'c  t‘or  paddlefish  found  below  Lake  of  the  Ozark's 
hydropowo)-  d.-uri  on  the  Osage  River  in  Missouri  (Hanson  1977). 

911.  Tile  effects  of  navigation  or  flood  control  dams  on  paddlefish 
repr'oduct  ion  a?'e  not  a;:  well  defined.  Successful  spawning  on  eroded 
wing  likes  below  Lock  and  D.-tm  Mumber  12  on  the  Mississippi  River  in 
Towa  tia;'  been  regularly  observed  (Oengerke  197^).  Kroded  wing  dikes 
e t'ff  >•*.  i  VC  !,’/  simulate  natural  gravel  bars.  The  c.  ntrol  of  spring 
f  1  c'.  Iwa  1  er.'.  lelnw  a  ih'ntucky  flood  control  reservoir  appears  to  inhibit 
downs t  :'eam  s,ra'wnir:r  aciivity  (BrnnS'an  l'^77). 

,’12.  An  altr-ration  of  tb.e  behavioral  charact  eristics  of  paddlefish 
ca.us.f'd  by  i ru  ounumein.-s  is  evideiiced  by  their  concentration  in  the 
:'wi  ft -f  lowi  ng  wa‘.<'r-s.  'mmediapely  below  many  dams,  (Friberg  1972;  Boehmer 
If'l’-d  '';enri,'rke  Concentrat  i  on  of  these  fish  into  a  relatively 

•  ir'inei  area  Incro.aser.  tiieir  vu  Inor.abi  lity  to  both  commercial  and 
j;  art  fisliin.--.  Friberg  (197^)  reported  high  catch  rates  of  paddlefish 
in  ta.  i  i  w-2  ers  f'r  tliree  to  four  years  following  d,am  closure,  followed 
by  declining  catches  due  to  reduced  numbers.  These  concentrations  dur¬ 
ing  the  reproductive  season  may  be  explained  by  the  blockage  of  upstream 
Siigr'it  i  Duriii,'-''  other  se.asrinr  i.hose  concent;’a  t  i  on.s  are  most  likely 

duo  to,  t ’,0  increasu’d  ava  1 1  .abil  i  t.y  of  food  in  the  reservoir  discharge. 

2  1-;.  In  tad  1  waters ,  .-cjop  Lankton  is  most  abund,'int  in  the  reservoir 
!  S'.' ii-irge ;  its  aburriaricc  'iecreases  r'ipidly  downstream.  The  large 
■  lU'ud  ity  'if  f 'Od  availnhle  would  lend  to  attract  feeding  paddlefish  from 
slow-flowing  are.as  into  the  faster  flowing  dis.charge,  where  they  would 
tn:u-mally-  n'd  hi''  '’■.''und . 

21  d .  I'ixcept  for  the  immedi.ate  discharge,  there  is  generally  less 
S' ipl  .-inkton  .a  VI  i  1  ab  ie  in  the  tailwater  than  in  the  reservoir.  This 
lad'itive  s.carcify  of  food  is  reflected  in  the  reduced  growth  rates  of 
trulwater  naildlefish.  'Irowth  sd,udies  by  Friberg  (197^)  indicated  that 
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P'l  id  1  e  I'i  :wi  ap]\'ir''rit.  I  y  r-iined  in  a  reservoii'  nuffered  a  marketi  reduction 
In  rrowt.h  iN'L  lowiny  pannage  througii  t,lie  dam.  int.o  the  ia i  Iwateri; . 

(’  1  upe  !  da.-  (  Herr  i  tigr. ) 

.  I'l.  T!i<  t"p  :n'.i  ■■):’  npecii'S  whieli  are  in.iiiily 

"I'lrinc  or  ■:  n.ro  rori.  u.: .  :’i -vi  ■••■i  1  r,:  cc  i  ^■L■.  Live  in  fre.ah  water  and  are 
ooo'i:;  ■  ( ina  :  1 ;/  :  .a  i  1  witer  r  .  'i'iiey  .ar’e  :-kir,).-ick  heri’ing,  gizzarii 

-I!!,!  tlirt'.-i.:  I’:  n  .liai.  t.e  •■■■.•  u.u-d  fi"'  iium.an  roraj,  but  the  skip- 
,b:ok  r.  ’!•  t  •  ■  !vr.'  sought  by  sport  id  r.*,e;-::en  i'v-eause  it  fights  r,iiect;ic- 
ui-ifly  ii  ilzraj':  riri,  na.s't !  -u  ;  a  ;•  iy  yiiuiig  of  tiie  year,  are 

ir.roi't.a;.:  f  'l'a.-o  :'iir  o' 'mt  i’i.dier..  fiu'oaifin  .diad  -iT'e  imirjrtant  forage 
a'  al!  a.'-cr  beoaiU'e  ‘ao;,--  maxir.un;  !'-tigt!i  raf'iy  e:<,a.a?d;'  l80  mni.  Tiie 
.'ki;  .'aok  i  no-  ;  i -a.-.r.ed  ’.'urlher  I'r.-'-e-  liecrun'o  •  it.  is  li-t'.le  mentioned 
in  ‘-dl-w-i-or  ii^ora'  ire,  ''vc^^p!.  fi^;-  an  oooasiona;  ou-oui'rencc  in  fish 

diiavi 

biu.  ilabi  t.at .  idle  gizzard  sha>i  in  generally  distributed  oiver  the 
e-istorii  i.-.i.l  f  r)f  tiie  United  Utatea  where  it  is  most  abundant  in  reser- 
V‘  irs  and  large  rivers.  It  intiai)its  quiet-water  habitats  in  .lakes, 
P'.uids,  reservoirs,  ana  backwater.;;  of  stre:uii3  wliore  fertility  and  pro- 
i'.ictivity  are  iiigh.  L'had  usually  avoid  higli-gradicnt  streams  and  those 
w:,ic;.  lack  large,  j)ennanetit  pools.  Ghad  congregate  into  loose  aggrega- 
tio.-iG,  and  Large  numbers  arc  often  nbserved  near  tne  water  surface, 
during  fall,  winter,  and  sprin,,,  large  numbers  may  be  found  in 
tai  .Lwater.; . 

bi'('.  Tlie  threadfin  sliad,  whose  habitat  is  similar  to  that  of  the 
gizzard  siiad,  is  generally  confined  to  the  southeastern  states  where  it 
ha.s  l.-eeri  stocked  extensively  in  reservoirs  for  forage.  11.  has  also  been 
st  -eked  in  reservoirs  of  the  Southwest.  It  is  sensitive  to  low  tempera¬ 
tures,  and  extensive  liie-offs  have  been  reported  at  temperatures  below 
T..-’°C  (Pflieger  197^ )•  Because  of  overwinter  die-off,  annual  stockings 
o.'  Tiuits  are  necessary  to  maintain  populations  in  many  reservoirs. 

Lui'ge  numbers  of  this  species  may  also  occur  in  tailwaters  during  fall 
anti  winter. 
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Reproduction .  Gizzard  shad  are  very  prolific  and  generally 
spavm  during  April,  May,  and  June  at  temperatures  between  IT  an  i  23°C 
in  shallow  areas  of  protected  bays  and  Inlets.  The  scattered  eggs  sink 
to  the  bottom  where  they  adhere  to  the  first  object  they  contact.  Eggs 
hatch  in  about  h  days  and  the  young  begin  feeding  when  5  days  old. 

Young  attain  typical  adult  form  when  about  3?  mm  long. 

219.  Threadfin  shad  begin  spawning  in  the  spring  when  the  water 
teinpei-ature  reaches  21.1°C  and  may  continue  throughout  much  of  the 
summer.  Tlireadfin  spawn  in  schools  near  shore.  The  adhesive  eggs 
stick  to  any  submerged  object  and  hatch  in  about  3  days.  Young  begin 
feeding  when  3  days  old.  Individuals  hatctied  early  in  the  yeai-  com¬ 
monly  mature  and  spawn  late  in  their  “"i  rst  s.ummer  of  life. 

2P0.  Food .  Tlie  giz’.’ani  shad  is  almost,  entirely  herbivorous, 
feeding  heavily  oti  microscopic  plants,  phytoplankton ,  and  algae.  The 
species  is  essentially  a  filter  feeder,  removing  particulate  matter 
from  the  water  by  passing  it  thr’ough  its.  closely  set  gill  rakers. 

221.  Threadfin  shad  are  also  filter  feeders..  Their  diet  consists 
of  microscopic  plants  and  animals  found  in  t.he  water  column. 

222.  Age  and  growt.h.  Gizzard  shad  average  about  12T  mm  long  at 
the  end  of  their  first  s.imimer,  mm  at  age  I,  257  mm  at  age  II,  and 
302  mm  at  age  III  (Carlander  lb69).  The  average  life  span  is  to  6 
years  but  some  live  10  or  more  years.  Mat.urity  is  reached  in  the 
second  or  third  year.  Adul  t.s  are  commonly  230  to  300  mm  long  and  weigh 
abo\it  0.l5  kg.  Maximum  length  and  weigh!,  is  about  520  mm  anci  1.6  kg. 

223.  Adult  threadfin  shad  arc  usually  102  to  127  mm  long,  and 
few  live  more  than  2  or  3  years.  In  Bull  Shoals.  Reservoir,  Arkansas, 
thre.adfin  shad  average  S3  mm  in  length  at  the  end  of  the  first  growing 
season  and  12l  (males)  and  135  (females)  mm  at  tlie  end  of  three  growing 
seasons  (Bryant  and  Bour.er  1969). 

Shad  in  tailwat.ers 

22k.  Shad  are  import.,ant  forage  species  in  tailwaters.  Both 
giz'.'.arii  sh.ad  and  threadfin  shad  are  eaten  by  striped  bass,  trout, 
walleyes,  s.augcrs,,  and  other  species  (Parsotis  1957;  Pfitzer  1962; 
Walbui-g  et  al .  1971;  Deppert  1978;  Gombs  1979).  Threadfin  shad  have 
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been  stocked  in  some  reservoirs  specifically  to  provide  food  in  the 
tailwaters  for  piscivorous  fish  (Parsons  1957). 

P25.  The  nxmber  of  gizzard  and  threadfin  shad  is  generally  higher 
in  tailwaters  than  in  natural  streams  due  to  their  movement  from  reser¬ 
voirs  either  over  or  through  dams  (Clark  19^2;  Parsons  1957;  Louder 
1958;  Pfitzer  1962;  J.  P.  Carter  1968a,  1968b,  1969;  Walburg  1971). 
Occurrence  of  shad  in  tailwaters  appears  to  be  more  related  to  season 
than  magnitude  of  outflow  from  the  reservoirs  (Clark  19^2;  Parsons  1957; 
Louder  1958).  The  presence  of  impoundments  has  also  increased  shad 
distribution.  In  Oklahoma,  shad  became  established  in  a  tailwater 
whei-e  they  did  not  appear  in  the  natural  stream  prior  to  impoundment 
( Cross  1950) . 

226.  Dams  also  affect  anadromous  members  of  the  clupeid  family  by 
acting  as  barriers  to  upstream  spawning  migration  (W.  R.  Carter  I968; 
Foye  et  al .  1969).  Large  nimibers  of  American  shad  concentrated  below 
a  dam  in  Maryland  during  spring.  Fish  kills  sometimes  occurred  when 
the  turbines  were  shut  down  during  normal  peaking  operations  and  dis¬ 
solved  oxygen  in  the  tailwaters  was  reduced  to  lethal  levels  (W.  R. 
Carter  I968).  Alteration  of  operating  procedures  to  provide  mainte¬ 
nance  flows  of  ll*1.6  m’'’/sec  through  each  of  two  turbines  has  been 
required  to  avoid  ftirther  low-oxygen  fish  kills.  Maintenance  of 
minimum  flows  has  been  credited  with  allowing  the  survival  of  American 
shad  in  the  Russian  River  in  California  (Anderson  1972). 

Salmonidae  (Trouts) 


227.  The  trout.s  .'.re  coldwater  fish  which  were  originally  found 
in  the  Arctic  and  North  Temperate  I'egions.  Over  the  years  they  have 
been  introduced  into  suitable  waters  tliroughout  the  world.  Many 
coldwater  t.'iilwaters  in  the  United  States  have  been  stocked  with 
hatchery  trout  on  a  put-and-take  basis.  Stocking  is  done  at  regular 
interv.als  throughout  the  fishing  season  to  maintain  a  satisfactory 
sport  fishery.  Catchable-si ze  trout  (150-200  mm  long)  are  usually 
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st.ot'kod  bec.'iur^e  inn.-iller  fish  ofton  tiave  poor  survival  to  tho  creel 
(Vestal 

.’.’8.  Tile  i-ainbc'W  is  tJio  most  cottimon  salnonid  stocked  below 

il:uns  bec.'Uic.e'  it  is  less,  cos*  ly  to  raise  anci  easier  to  e-ateh.  Ot.her 
salnoniiis  iilatited  in  tai  Iwat.ers  are  brown  trout,  brook  l.rout  ,  and  eoiio 
salri.a!.  Rainbow  t.ra'Ut  are  usually  stocked  in  the  coldwater  tailwaters 
bi'iow  resei’voi  la:  built  nn  warmwater  s.l. reams.  Rainbow  trout  or  other 
tr-oui.s  may  be  r.tv'ckoc!  vu-  nay  occur  naturally  in  coldwater  tailwaters 
below  reservoirs  built  on  coldwater  streams.  Discus.s.ion  here  is  limited 
to  the  rainbow  trout  because  it  is,  the  n,'st  common  trout  in  tailwaters. 
Rainbow  trc-it 

.'T'’9.  liabi  t  at~  .  ''.'lie  rainbow  trout  Ls  nat.ive  to  the  st.rearns  of  the 

Pacific  cotis.t  whera>  m.any  vari  >■'.  i  es,  or  subs.pecies  have  di'veloped.  The 
sea,coinp:  i'orm  is  kn 'wn  as  tiie  sleelhead  trout,  atid  is  believed  to  be 
identical  to  tile  suridly  fros.hwnt.er  rainbow  trout.  Rccause  of  the 
o.aso  witii  whicii  tatf's  of  t.lie  r.aiiibcsw  trout  can  be  t cansrort.ed  .  different 
.'Crains  have  been  d  i  s.tr  ibuteci  throuftiiou*  t  lie  world. 

;''i0.  'fhis  s.pecies,  lives  in  a  variet.v  of  h.abit.ats,  including: 
litre, ams,  lakes,  -uid  reservoirs.  Tiie  r.aiiibow  trout  t,oler,ates  somewhat 
hij':ir,'r  r cmpertitures,  than  other  trouts  but  doc.i  bc.'t  in  witers  that 
ror;,'iin  more  ,ir  less,  continuously  bi'lnw  21.1‘^C.  According;  to  McAfee 
(l9i’8),  +li.‘  upper  t  ompcrat.ure  limit  for  the  species  varies  from  about 
,'■'.9  t.o  .^9*^*‘^Pi  dopendiiif:  on  the  oxyp.en  contoip,  of  the  water,  sice  of 
fish,  'irid  dofi’ee  ,if  accl  im.ati on .  Cold  w.-it'U's  ,li sclru'Red  from  the  lower 
l'"/('ls  of  s,  irii.’  ro'servoi  rs  provide  adecpiate  tailw.-itor  habitat  for  this 
sf'ocies,  pi'ovided  year-roui'jd  ox.vpen  levels  rcm.ain  above  8  mfs/l  . 

P'-',]  .  Halnb.iw  ‘rout,  thriv^e  in  small  t.o  moderately  large  streams 
■!!id  shall, iw  rivers,  with  moderate  flow  and  gi'.avel  bottoms  of  the 
po  ' ; -r- i  !’f  1  e  type,  T);ey  geiu'r.-illy  prefer  riffles  and  f.a:  t-water  areas. 
Depth  criteri.'i  lr;ve  rad,  bt.-en  defined  for  trout  in  gener.al ;  Viowever , 
the  depth  of  pn.ols  .and  .•i.m<junt.  o!’  cover  .appear  to  be  very  important  in 
t.erms  of  fisdi  si'Ze.  Curiderson  (1968)  fc>und  that  stream  sections 
lacking,  deep  poitis  a,ini  .adequat.e  C'lvei’  ct'ntained  only  fingerling  trout, 
while  stream  sections  with  dec>p  pools  separated  b.y  riffle  areas 
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contained  much  larger  trout.  Trout  require  adequate  stream  depths  for 
normal  intrasti-orun  movement.  RiffJes  are  extensively  used  for  feeding 
areas  and  for  movement  between  ]'Ools  (Giger  1973).  Minimum  depth 
roquiremonis  over  riffle  ar-eas  vary  with  the  size  of  the  stre;ua  and  the 
inhabiting  it;  however,  minimum  water  depth  over  riffles  should 
’.  c  'bnbly  not  be  less  tlian  O.lB  m.  Giger  (l9T3)  listed  the  optimal  pool 
depth  for  cutthT'oat  trout  as  O.h  to  1.1  m,  depending  on  age  and  size. 

:lo  noT-  (1073)  stated  that  for  trout  in  general,  areas  with  velocities 
betweoi!  9.1  and  cm/soc  are  preferred  for  resting. 

.19.  Rep^rfriuct  ion .  Rainbow  ti*ont  spawn  between  early  winter  and 
i-.:te  .'nring,  oapending  on  the  genetic  strain  and  stream  conditions. 

'flic  egg.s  are  u^-por.ited  in  -i  shallow  depression  dug  by  the  female  on  a 
clean  gravel  I'iffle.  Females  deposit  b. ’tween  900  and  9OOO  eggs  in  the 
atst  ( redvi )  ,  depending  on  fi.ih  size.  After’  all  eggs  are  laid  and 
fer-tilized,  t  Ijoy  are  covered  with  gravel.  The  incubation  period  varies 
with  tempirrature ,  averaging  about  fO  day's  at  and  19  days  at 

it. 'Be.  Your.g  remair.  ne’ar  the  hatching  site  for  a  wiule,  tending  to 
schocii  at  first  ant  then  become  solitary  and  moi’e  widely  <1  i  str  ibuted . 

.33.  Acc  laiing  to  Horprer  (1973),  the  'optimum  spawning  tem]H;rature 
for  'sj’r’ing-spawning  rainb'w  trout  is  11.1°C,  but  ranges  from  7.:'’  to 
]^.3°C.  I'refc-rrod  gr-avel  size  ic,  0.('  t’O  3.8  cm  in  di-iinete-r,  and  j're- 
ferrel  velocities,  for  s.p’iwning  are  between  12.6  -ind  82.0  cm/sec. 

2  v'l .  Fo'  ni  ■  Rainbow  1  !”'ut  o.-it  -i  wi'ie  variety  of  foods  but  depend 
rrirnarily  cn  drif''ing  inserts.  A  compilation  of  the  findings  of  many 
rosidies,  i  lid  i  that  imm.'ititi’e  -ind  adult  aquatic  insect,;'  (principally 

c’ld  i  i  st'l  it,’.’ ,  ■’•ny  f  1  i e;-. ,  and  d i  ptru’.ans )  ,  zooplankton,  terrestrial 
insec’..-,,  'ind  .’ire  usually  the  most  significant  foods,  though  their 

i-ela’  iv  i  I’ll ; '!”t’irice  v.'i,!’ie:5  greatly  between  waters,  seasons,  and  size 
of  ''irf:;.  T.’ir’.gc  tri'iit  include  more  fish  in  their  diet.  Oligochae' es , 
no  L  ]  uck;' ,  fii’di  ei'gs  ,  amnlii  j’l  1  1:3 ,  .-ind  algae  are  foods  eaten  less  ex¬ 
tensively,  but  t.hcy  nay  be  impiortarit  locally.  For  example,  in  upper 
Lake  Tanoycemo,  below  Table  Rock  Reservoir  in  Missouri,  .amphipcni 
cru.'t’ice'ins  maki?  up  almost  90  percent  of  Idle  trout,  diet  (Pflieger 

19Y' ). 
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‘^35.  Age  and  grovth.  Few  rainbow  trout  live  beyond  6  years,  and 
life  expectancy  for  most  is  3  or  I4  years.  Longevity  is  influenced  by 
many  interrelated  factors.  Poor  food  conditions  may  result  in  poor 
survival  after  first  spawning.  Heavy  angling  pressure  may  crop  most 
fish  before  they  are  ^4  years  old.  This  is  especially  true  for  fish 
stocked  in  tailwaters,  where  most  may  be  captured  during  the  same  year. 

236.  Maximum  size  of  rainbow  trout  varies  greatly  among  different 
environments.  Tn  small  streams  adults  rarely  reach  205  mm;  whereas  in 
large  lakes  individuals  occasionally  exceed  13.6  kg.  Maximum  size 
depends  primarily  on  growth  before  attainment  of  sexual  maturity,  which 
in  turn  is  dependent  on  quantity  and  quality  of  available  food.  Most 
growth  occurs  during  the  first  two  growing  seasons.  Growth  is  fair 

for  fish  on  a  plankton  diet,  and  is  best  where  forage  fish  are  abun¬ 
dant.  Growth  usually  declines  after  maturity  is  reached;  this  decline 
is  especially  evident  in  waters  where  large  forage  organisms  are 
lacking. 

237.  Tlie  rate  of  growt.h  varies  seasonally  and  at  different  ages, 
depending  on  water-  temperature,  strain  of  trout,  feeding  conditions, 
age  at  maturity,  and  other  factors.  For  example,  in  waters  with  re¬ 
latively  high  temperatures  throughout  the  year,  such  as  the  tailwaters 
of  some  reservoii-s  in  the  southeastern  United  States,  growth  is  fairly 
constant  in  all  months;  whereas,  in  waters  with  seasonal  temperature 
changes,  growth  is  slower  or-  ceases  in  the  winier. 

238.  Hatchery-reared  trout  reach  a  length  of  205  to  25^  mm  when 
about  one  year  old,  at  which  time  they  are  considered  large  enough  to 
stock.  In  Lake  Taneycomo,  Missouri,  where  conditions  for  rapid  growth 
are  favorable,  stocked  rainbow  trout  grow  about  19  mm  per  month 
(Pflieger  1975).  Naturally  reared  rainbow  trout  in  Minnesota  reach 
125  mm  the  first  year,  230  mm  the  second,  and  521  mm  the  fifth  year 
(Eddy  and  l/nderhill  197M- 

239-  The  weight  of  rainbow  trout  varies  greatly  at  lengths  over 
380  mm  because  of  differences  in  feeding  conditions  and  stage  of 
maturity.  I'^ish  are  heaviest  wtiere  food  is  abundant,  particularly  in 


lakes.  According  to  McAfee  (1966),  weight  of  fish  in  average  condition 
by  IfY-tnin  fork  length  groups  is  as  follows: 


Length,  mm 

Mean  weight ,  kg 

127 

0.028 

25^4 

0.227 

381 

0.568 

0 

CD 

1.589 

635 

3.178 

762 

^4.767 

Mc'st  f’ish  spawn  by  age  III;  males  one  year  earlier  than  females.  Size 
at  maturity  is  extremely  variable  but  usually  ranges  between  25^  and 
381  mm.  In  California,  mature  rainbow  trout  typically  weigh  less  than 

kg,  (McAfee  1966). 

Rainbow  trout  in  tailwaters 

2H0.  Habitat .  Trout  are  found  in  most  tailwaters  throughout  the 
United  Stat'^s  where  summer  water  temperatiires  normally  do  not  exceed 
2i.l°C.  They  may  occur  naturally  below  dams  built  on  coldwater  streams 
or  they  may  be  stocked  in  tailwaters  below  dams  on  waimwater  streams 
where  hypolimnetic  releases  maintain  coldwater  conditions  throughout 
the  year.  Tailwaters  below  most  deep-release  reservoirs  have  low 
turbidity,  cold  temperature,  and  stabilized  seasonal  flow,  thus  pro¬ 
viding  satisfactory  trout  habitat.  These  tailwaters  often  provide 
coldwater  liabitat  on  streams  in  areas  such  as  Texas  and  Arkansas, 
where  trout  could  not  live  before  dams  were  constructed. 

Ctl.  The  quantity  and  quality  of  coldwater  habitat  in  a  tailwater 
suitable  for  trcjut  are  a  function  of  reservoir  design  and  operation, 
as  well  as  tailwater  piiysical  characteristics.  Reservoir  features 
that  determine  habitat  suitability  include  reservoir  stratification, 
reservoir  storage  capacity,  reservoir  storage  and  release  patterns, 
and  intake  location.  Tailwater  features  that  influence  habitat  suit¬ 
ability  are  water  temperature,  stream  channel  configuration,  stream 
substrate,  stream  cover,  water  depth,  water  velocity,  water  quality. 
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turbidity,  and  tributary  inflow.  These  factors  act  in  combination  with 
stockinf^  to  determine  trout  abundance  and  distribution. 

2h2 .  Numerous  fish  species  are  found  in  association  with  rainbow 
trout  in  many  tailwaters.  Most  compete  with  the  trout  for  food  and 
habitat.  Game  fisli  iniiabitinfi  these  waters  include  largemouth  and 
smallmouth  base.,  blue;', ills,  longear  sunfish,  and  catfisli.  Brown  and 
brook  trout.  m:iy  also  c.ccui’  in  the  same  location.  Cyprinids,  suckers, 
scull-ins,  and  sticklebacks  arc  major  nongame  competitors. 

.t. ],ow  flow,  sometimes  aggravated  by  elevated  water  temtierature , 
is  a  c  -inin.ui  fact. or  iimiting  trout  distribution  and  abundance  in  many 
t'li  !  waters. .  l,sw  fb^ws  can  decrease  cs'.ver,  increase  overwintering 
’uortality,  allow  sediment  accumul  at  ion ,  and  cause  .stranding.  Reduction 
s  1'  flow  in  a  Tetincssec  t.ailwater  limited  habitat  to  ;i  long  .shallow  pool 
wi  til  bedrock  substrate  and  little  cover  (I'arsons  19‘'>7).  Kraft,  (19T..') 
found,  a  os  percent  decrease  in  brown  trout  habitat,  when  flow  was 
reducekl  90  percent  in  another  s.itc'.  Weber  (1919)  found  tint  when  annual 
flow  below  a  reservoir  w.-is  reduced  to  J1  pei'cauit,  of  tlie  b  iig-tcrni 
aver-ige,  t.rinii.  habitat  was  roduce.i  Bp  percent.  Flows  that  reduce  water 
lepth  over  riffles,  to  T.*-'  err]  oi-  less  make  tliese  areas  unusable  to  large 
trout,  (Corning  1970).  Decri.cased  flows  .and  thus  decreased  water  velocity 
favor  s.nrili  trout  aiul  n.-'iigh  fish  I'vc;'  l.arge  1  rout  .  ijow  flows  also 
c.'iuse  n  laali  Etr  i  but.  ion  of  trout  to  ler-s  suitable  habitat,  increasing 
compeMtii’n  with  other  fish.  Coi-uing  (1970)  also  ’'ound  that  reduced 
flows  concentfiti  fish  in  the  remaining  habi ‘ at  and  intensify  predation. 

'’7.7.  1  ti  the  wes.tern  United  p.tates,  irr igatic'n-storage  reservoirs 

CO:  lee*,  s'lrl'.'ice  ni!K'-,'‘'i'  diu’ing  wint  er  and  spring  to  be  used  during 
sunuter  L  rrig-it  i  I'll.  Hoi. ling  runoff  decreases  stream  flows  during  the 
winter  and  s.pring  wiiich  can  increase  trout  mortality.  Adequate  reser- 
V'i;'  dis..'iiarge  is.  ci-it  ical  during  winter  to  su.stain  a  tailwatei’  trout 
p.  1 1 -P,  ion .  The  sui’vival  of  i-year  and  older  trout  was  directly  re- 
I'lted  to  t.he  magnit.ude  of  flow  from  a  reservoir  during  the  wint.er 
:  '  .Vigo  peri. id  (Nelson  1977).  Vincent  (19(^’9)  stated  that  dewatering 
bo'.ow  a  da.m  in  Montan.'i  resulted  in  excessive  mortality  of  young  (age  l) 
trout.  P'.iidics  in  Wyoming  showed  that  seasonal  minimum  flows  were 


essential  foi’  trout  survival.  Winter  flows  of  l!4.2  m  /sec  were  recom- 
men.ied  to  maintain  adequate  cover  for  overwintering  trout.  Spring  and 
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suimne?-  flows  of  22. 'f  m  /sec  wej’e  recommended  to  select  against  rough 

3 

fish  and  for  large  i.rout,  and  flows  of  ^45. 3  m  /sec  were  recommended 
periodically  to  flusli  silt  from  the  tailwater.  A  30-day  survival  flow 
of  3.5  m^/sec  was  recommended  for  times  of  extreme  water  shortage 
(Banks  et  ai  .  19T-'4). 

:‘'!4S.  Low  flows  in  tailwaters  allow  sediment  accumulation  in  ho]  es 
ana  ovei'  gi-avel  substrate,  thus  lim.iting  the  quantity  of  trout  habitat. 
Bediment  input  into  tailwaters  is  usually  from  tributary  inflow  or  the 
erosion  (..>f  alluvial  banks  within  the  tailwater.  Reduced  spring  flows 
below  a  dam  in  Montana  increased  sediment  accumulation  by  tributary 
inflow.  Timed  spring  discharges  from  the  dam  are  used  to  wash  sediment 
dowiistrerm  (May  and  Huston  1979) •  Seasonal  flood  flows  over  the  spill¬ 
way  remov'd  sediment  from  a  tailwater  in  Alaska  (Schmidt  and  Robards 
IbTfc) .  Seiiment  accumulations  behind  a  dam  in  California  were  reduced 
V'.v  ler’iodlc  flnshii:g  into  the  tailwater,  which  caused  destruction  of 
trou*  hal'itnf  for'  1.6  to  3.2  km  downsti'cam  (Anderson  1972). 

iiigl.  flows  and  flow  fluctuations  in  tailwaters  can  be 
limiting,  f-sotorr.  feu'  coftnin  sine  ciassc;'  of  trout.  Banks  et  al .  (197^) 
fvUind  tiiat  Witei-  volocipy  ini.-roascd  sharply  witli  increased  d.am  dis- 
ctiargc' .  Ti-  ut  '-'.O  cm  1  i.g  lotigc-r  were  f-ivored  over  smaller  trout  and 
rough  fish  h'-i'-iiua:'  i -ick  c,'f  gL-sting  cover  and  high  water  velocities. 
High  witcr  Vi  ■:  I  )c ;  ti  or.  -itid  sparo.e  cover  res-ul  t,.-,  in  low  standing  crop' 

(fi.l  -irid  '-.'.(i  kg/ha)  and  Inrves.t  (7.7  and  3.o  kg/ha)  of  trout.  Tlie 
tr  'Ut  rli'it  '•I'sa.'iin  are  usiially  1  ai'gc  -ind  weigii  between  0.7  and  5-5  kg 
(M'lilan  et  al.  1976). 

,  'm.  Rapid  flow  fluctiiation  below  both  hydropiower  and  diversion 
d:im.:  h’is  caur.f'd  Stranding  of  both  ti-iiut  and  salmon  (Anderson  1972; 

Kr-' )go!’  1^73;  Fowler  1973).  Kroger  (I9’r3)  suggested  that  decreasing 
fb'ws  .’it  :i,  m-iximum  rate  of  2.8  m  '/nec/day  would  reduce  stranding  of 
fis.h  below  a,  dam  in  Wyc’iming.  However,  the  irivst  serious  effect  of  flow 
fluctuations  appears  to  be  reduced  trout,  reproduction,  rather  than  a 


direct  increase  in  adult  fish  mortality  (Parsons  1957;  Baker  1959; 

Axon  1975) . 

2^*8.  The  cold  temperature  of  tailwaters  below  hypolimnetic  re¬ 
lease  dams  built  on  warmwater  streams  helps  trout  to  compete  effectively 
with  or  replace  native  fish  species.  Vanicek  et  al .  (1970)  found  native 
fish  replaced  by  rainbow  trout  in  the  h2  km  of  river  below  a  dam  in  Utah 
and  Colorado.  Lower  water  temperatures  below  a  dam  in  Texas  caused 
partial  replacement  of  20  native  species  by  stocked  rainbow  trout 
(Butler  1973). 

2U9.  Dams  with  hypolimnetic  releases  built  on  coldwater  streams 
have  altered  the  habitat  by  lowering  water  temperatures  and  stabilizing 
flows.  Below  a  Colorado  dam,  reduced  water  temperature  caused  a  re¬ 
distribution  of  trout  species,  with  brook  trout  moving  into  the  colder 
water  near  the  dam  (5.0-8.3°C)  and  brown  and  rainbow  trout  moving  into 
the  warmer  areas  downstream.  After  completion  of  two  Colorado  dams, 
siuranei'  water  temperatures  in  the  tailwater  were  reduced  by  3.2  to 
5.0°C.  The  temperature  reduction  is  believed  responsible  for  trout 
appearing  in  areas  where  they  were  previously  rare  or  absent  (Mullan 
et  al.  1976).  Penaz  et  al.  (1968)  stated  that  the  Vir  tailwater  on 
the  Svratka  River,  Czechoslovakia,  had  reduced  water  temperatures  and 
stabilized  flows  during  the  summer,  and  these  conditions  favored  brown 
trout  over  nase,  a  warmwater  species.  Nase  were  reduced  from  63.^  to 
12.7  percent  of  the  tailwater  fish  harvest  and  brown  trout  increased 
to  76.8  percent. 

250.  In  addition  to  reduced  maximum  temperatures,  the  seasonal 
rate  of  temperature  increase  is  slowed  in  many  cold  tailwaters.  In  a 
Montana  tailwater,  the  normal  spring  water  temperature  of  12.8°C  is 
achieved  6  to  8  weeks  later  than  it  was  before  the  dam  was  built.  This 
change  delays  the  spawning  of  suckers  and  gives  trout  a  competitive 
advantage  in  the  tailwater  (May  and  Huston  1979)- 

251.  Reduced  stream  flows  (usually  less  than  10  percent  average 
daily  flow)  during  periods  of  warm  air  temperature  can  cause  water 
temperatures  to  exceed  lethal  levels  for  trout.  This  situation  often 
occurs  in  natu?’al  .streams,  in  tailwaters  below  deepwat.er  release 


reservoirs  on  formerly  warmwater  streams,  and  lielow  liydrupowci'  runs 
that  discharge  only  during  periods  of  high  electrical  ijemarui.  i’l-n  iy 
and  Stroud  (19^9),  Parsons  (1958),  Baker  (1959),  Kent  (lOfl),  lien 
(19T^),  Axcjii  (1975),  Aggus  et  al.  (1979),  and  other;-,  have  state  i  that 
higli  water  temperatures  may  limit  trout  populations  in  tailwat  (-r;- . 

Many  reservoirs  have  incorporated  minimum  water  releai'es  in  tiieir 
operating  sctieduie  to  maintain  suitable  flows  and  water  temperatures 
in  tailwaters.  T!ie  U.  S.  Bureau  of  Sport  Fisheries  and  Wildlife  (19^9) 

3 

recommended  a  minimum  flow  of  7-1  to  11.3  m  /see  to  maintain  the  trout 
fishei-y  in  a  Wyoming  tailwater.  Suitable  trout  water  temperatures  are 
maintained  for  9-7  km  below  Canyon  Dam,  Texas,  by  cold  hypolimnetic 
discharge  (Butler  1973). 

352.  Extremely  cold  water  temperatures  were  associated  with  the 
loss  of  a  trout  fishery  in  several  tailwaters.  A  New  Mexico  tailwater 
experienced  an  8-month  average  water  temperature  decline  from  10°C  in 
1968  to  5°C  in  1971.  This  temperature  change  was  associated  with  a 
decrease  in  trout  iiarvest  I’rom  78,656  fish  in  I968  to  10,6))2  in  1971 
(Mullan  et  al .  1976).  In  a  similar  situation,  an  average  trout  harvest 
of  109.5  kg/ha  was  recorded  when  annual  water  temperatures  ranged  from 
3.1  to  12.0°C;  however,  when  th<'  average  annual  temperature  range 
decreased  to  between  h.'.'  and  9-2"C,  the  trout  harvest  decreased  to 
only  6.2  kg/ha  (Mullan  et,  a  1  .  1976). 

253.  Low  liissolved  oxygen  concentrations  and  gas  supersaturation 
resulting  in  nitrogen  embolism  can  cause  mortality  of  trout  in  other- 
wi  se  .suitable  tail  water-  habitat.  Low  dissolved  oxygen  is  a  problem 
onc'ount.ered  in  tfie  soulhea-ster-n  United  I'tates  in  tailwaters  of 
d< -efi-re!  ease  dams  built  on  war-mwatcr  streams.  This  oxygen  deficiency 
occurs  when  a  r-eservoir  t.hormally  s ti'ati  fies.  and  decomposition  of 
organic  matter  within  the  hypolimnion  consumes  available  oxygen. 

Nitrogen  embolism  may  occur  when  fish  inhabit  tailwaters  that  are  super¬ 
s'!  i  \it"i  ’  ea  wit.li  atmospheric  gases  a.nd  the  body  fluids  of  the  fish  also 
becor-ic  s,upcr'satura't  ed  . 

25I1.  Trout  generally  prefer  water  with  5  mg/l  or  more  dissolved 
oxygen.  Tlie  .spt'cies  m.ay  not  survive  when  hypolimnetic  release  water 
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contains  little  vr  Jio  oisso.lved  oxyf,exi.  The  penstock  desi/:n  at  some 
d-UTis  docs  not  allow  fcir  aeration  of  hypolimnetic  water  before  release 


into  ttie  tailwaters.  l,ow  dissolved  oxypen  was  found  to  limit  the  fauna 
in  soTiio  tailwaters  (illll  19TB).  A  dissolved  oxypen  concentration  of 
il.h  prosursably  iciused  the  death  of  about  100  rainbow  tn.iut  in  an 

Jklali  ina  t.ailwater  (Deppert  1978).  However,  a  liiutolved  oxypen  concen- 
tiaition  of  f  m;',/l  i  ti  Movembt-r  1951  in  a  Teiuiessee  tailwater  caused  no 
ai'parent.  sipns  o;'  distress  in  trout  (Pfits.er  197'd)  .  Haker  found 

low  diis.olved  oxyren  an^i  iistressed  I'isdi  .!irf>c*  iy  below  a  dam  in 
Arkansas  in  the  fall.  The  oxygen  concentration  returned  to  normal  and 
fisli  recovered  downstream  over  tlie  first  riffle.  T’urbulent  flows  in¬ 
crease  the  aeration  process  and  thus  improve  the  tailwater  habitat  by 
increasing  dissolved  oxygen  concentrations. 

.  das.  .'ufercat  tirat  ■  lU;  tias  been  c.  in.'i.i  -r  cause  .  f  st.eelhead  arid 

.ri'.m’i.  :■  fality  .iaririg  iii  g'r.-wat,.u'  y.-.-ara-  in  tlio  ;',n,ake  River,  Tiiaho  and 

Via  ;di  '  t,  aid  ’O).  0!‘'ives  and  Haines-  stated,  that  dead 

fi.di  wi’li  i'uhhli’s  i^rr  iiieir  t'itrt  w-'se  i'oiniu  witinn  "!  .  6  km  of  a  dan 

in  !e'\v  iV'x'.''  ai  ct.'verai  -■'ccasloiis .  Hi'i-ogen  roirernuittrralion  bi.'l--rw  a 
M  a.'a’a  dan  ;  ■'■r'.' i  st.e.i  for  .unrv'  R.'.’'  IvTi  d- '.wnr.l  ream  because  flows  in  the 
*  a  i  !  wa '.en  Venn-  no*  'urhul.ent  enough  to  d.iscipa'o  the  nili'ogen.  0:'  ’9 
rainb  w  r'U'  iiel.i  In  ••  cage  bel.-w  t.his  dam,  .1  -lieii,  presiuiiably  of 
nitrogen  embolism  (U.  b.  Bureau  of  Reclajnation  1973). 

'•  :  K'*,  i  .~n .  f-pawning  .af  raintjow  l.rout  h.as  been  obsci’ved 

it.  .a  vo-a  1  i  1  wa  ters  ,  .a  i '  liourh  s.urviva.l  of  eggs  and  .iuveniles  is 

l  .'W.  ?!■-  an  ;  raia'i.au'  in  ta'lwatei's  :a  ly  -•'n  st-ocking  ■'!'  recruitment 
f'l-  r.  •  ii--  ;a 1  i  r'  above  to  maintain  their  populations  (Stone  1972). 

■  -w  o  •■-.'U.- -ii  r.i  n.'  tailwaic'r  t  r- nt  pc'pulations  that  suppoi't  a  fishery 

na-;  I--.  ■;  >’o;  r''.’;  i  r,  '  i.e  1  i  *.e  ra  tuTv .  Spawning,  may  occur  in  tribu- 

t  wh-n-i'  !  ■■■a  1  con.ii  *  Lons  are  favor.able,  but  the  magnitude  of 

...  i -w’; !  liar-  nc..t  biren  adequ.'tt.e  to  maintain  fishable  ti'out 
pi  :  ul  ■!  ‘  :  1  r.r  in  n  ist  !  a  i  1  waters  . 

*  i.  h-ii-s-h  env  i  r'onment.al  conditions,  (flow  f  1  \ictuat  i  ons, ,  de- 

w;‘,'  ■'itig''  "Jilt, or-cd  in  t.-ii  1  w.ater.s  rf'duce.s  reprodnct  i  ve  success. 

rt.iiu'  i  lT;ct  ui.d  ‘li-i*  liigh  flf'ws  wasliO'd  out.  trout  r’o.i.ls.  Parsons 


(lO'iV)  I'oun  ’  the  vaic’-l  ('vpI  ''luctuation  in  n  Tennesneo  tailwater 
fr.a'i  Ont.oher  Doc'nbor  dotrimental  to  tr-uit  renroducti  on .  Redds 

were  cv inni  stontly  sootnaM  -i'  hi^h  flows  ami  stranded  on  dry  shoals 

iur'int’  low  flows.  Rainbo.w  +a'oM*  npavTiirir  in  December  and  .January  w.as 
si.mrion  .a.  s-Sicals  an  ;  r-i  ffLc-;.  jii  an  Ai’k.a nr.a:;  tailwater,  but  water-level 
tl  net. ua  t  i  on  cau.sed  rollinr;  yravei  and  destruction  of  redds.  Gnawninr 
in  1 '■  i  butar  i  e.^  wa.s  suc.'ess  fu  I  ,  but  tlie  contribution  of  natvirally  pro- 
iu  aa:  fisii  to  the  troui  fish.ery  in  tailwnters  was  insignificant  (Parson; 
19i'?’;  oakr  >-  IpSO;  Pfitzer  L.ow  trout  pot-ul  ati  ons  in  the 

■’'eavern.ea.i  River,  Montana,  were  causeni  by  i>or,r  repr-oducti  ve  success  duo 
•i-  1  'W  -'VS.  Pia-inr  ar;d  winde;'  'iewi.ter  i  nr  ( 1 '^-w  flows)  of  the  river 
'  i  by  ;  i  rat i c.ri  s'  orao--  r.-'duco'i  f'rr  'ind  la.rvae  surviv-al  by  de- 
'’•p.i;'.  i;,o  ‘ii.'  cri'. ■;■-secti.^rl•^^  a'’ea  a.nd  water  ve '  -.city  of  the  stream 
('[•■'Is.  n  i't'.'").  'dofinnr  D'und  tiiai,-  low  flv’w;',  exros.ed  i  rout  redds 

ai’-  inc;’-?asei  i  1  ta  ti-^n ,  thus  reducirir  err  survival  f7’nm 

neru'cn'  o  .\>ily  1','  nc'’ 'ont  .  Pilt'ition  fille-j  the  interstice:'-  o  the 
subs*  ‘"ite  at:-i  sr.ol 'ntu'o.j  tjio  .-•rrs.,  PciLmid*.  and  Robards.  (l9To)  surrested 
stared  flows  in  a:;  Alas-ka  Pailwai.er  t./'  clean  the  substral.e  a.nd  increase 
t"'-u‘  an  !  salmon  r^pawninr  an  i  reariur  habitat. 

Ih'avn  i  nr  trout  is  coramon  in  a  W.vorii  nr  t  n  i  Iwat-'.'r ,  but  tlie 
lack  o'’  c-'V’r  !uc--s  .nrvival  o:’  fry.  Phis  t.a.i  ]  water  "dies  on  an 
annua.l  s'ockinr  cf  p.JR  rainbow  t’-o'f..  finrerlinrs  rer  hectare  to  main- 
‘ain  the  fishery  (Mullan  et  al  .  lO'f',).  Moffett  (lOlii’')  recommended 

s‘  '.-’kin.."  lOyt.io  fira-erlinr  rainb. -w  tr-uit,  (IPT  to  ITB  mm  long)  per 
yo.a"  ‘  '  'aam:  .'.ns-o  I-  i’ or  )  ow  reproduction  caused  by  watei'-level  fluetua- 
‘  i  t'..'  in  a  ‘  a  i  :  v.-a  t.n-  in  iJevida  -ind  Ari;'.ona. 

'o.  .Ar;  'bvi-'ur  .'ff'-ct,  .--f  iam  constr-iiction  is  the  blockare  of 
:’is!;  ■■  V-.,..  *  ■  ,,,  ur.')".'am  !.■  snawnirir  .ri'ounds .  Construction  of  a  d.am 
n  ■■  a  ; r.n'''u:;  !  '  i’'  i^er.^ont  of  the  salmon  spawninp 

■■  .■■■,  ..  loUo),  Attemi'ts  to  .-nitigate  loss  of  spawning  areas  by 
:.'0  ■';■■■■■'  •  nly  n-i'-'l.v  successful  ,  particularly 

■  a:  a  (■■ay'-  a;  i  io  's).  '.■.'bor,  'i  IrP.'hory  for  Raltic 

,  -.a-;  "  ‘aiiw'-‘-or  it.  ‘  h.  d.y.C.R.  to  replace 

•  ,  y  ,  .  ...  ^  y  y,  d  Of ,  ' '  |o  1  -1  ■'n  i  I! s'  the 
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hut.L'hei-y  bocMuae  he  believed  the  hiKh  number  of  predators  in  the 
tailwater  would  devastate  the  yearlinf^  salmon.  iltriped  bass  and  saugers 
ai’o  significant  pr'odators  on  small  trout  stocked  in  some  t.ailwaterc 
during  certain  seasons  (Roles  19b0;  Ai'ls.ona  (lame  and  Fish  Department 
197.-';  Deiipert  19Yo). 

.'('0.  Food ■  Fooii  s.ludies  havi'  been  compvleted  on  trout  from  a 
number  of  tailwaters  and  it  is  apparent  that  theii'  tiiet  is  very  diverse 
('Table  l).  (Madophora  betls  are  an  Important  food  source  foi’  trout  in 
railwaters  (Moffett  19^2;  Mullan  et  al.  1976).  Trout  graze  on  these 
mats  ami  ingest  f,he  algae  and  the  isopods,  sirauliids,  and  mayflies 
harbored  therein.  Tn  some  tailwaters,  food  organisms  have  been  intro¬ 
duced  to  provide  food  for  t.rout.  StiaiLs  were  introduced  below  Glen 
Caiiy.ni  DruTi ,  Arizona,  and  amphii’ods  were  introduced  inti:  Taneycomo  Lake, 
Mir-sciuri  (Table  Rock  tai  lwater)  (Mullan  eb  a.l  .  1976;  Ralph  Burress, 

U.  f.  Fish  and  Wildlife  f-ervice,  p'ersonal  commun  i  cat  i  on )  . 

.'bl  .  Trent!  are  not  t.otally  dependent  on  fciod  pri/duction  within 
ttie  t;rilwal,er.  In  Dale  HoTIow  t.ailwaler,  'i'eniiessoe ,  Pi  percent  of  the 
organisms  i  ti  rainbow  t  |•<■M^t  s.tona'hr-  wei’e  cl  adoccratu;  which  were  pro¬ 
duced  in  Idle  reservoi  r  abov'c  (Little  1'^6'T).  Tu  this  same  tailwater, 
rainbow  trout,  wi.-ighinr  f I'om  I.'"’  l.o  d.l  kg  ate  cr.aptios  197  to  152  mn 
Imig  whicli  ii.ad  been  rd. tinned  when  t  iu\v  passed  t'hrourh  t  lie  dan  (Parsons 
19t7).  Rainbow  t.rout  bi'l  ow  C'l'nt  or  Hill  Dan,  Tennessee,  fed  lieavily  on 
'■1-t  Tb-nn  fhre.a.ifin  s.had  whi.'h  h.ad  t'asst'd  thrcnigji  the  turbines 
(La,rsons  1957).  In  Wyman  tailwater,  Maine,  rainbow  trout  over  hOG  mm 
long  were  more  pi  sc  i  vorous  idian  smaller  t.rout,.  I’minllor  trout  ate 
bhi  ronoin  i  dae  ( .1  i  pf.erans. )  wliich  were  produced  in  the  reservoir  and 
carf-ied  into  ttie  t.adlwater  (Trot.s.ky  1  9 1' 1  )  • 

2('.'.  Foiid  organisms  e.aten  by  r.ainbow  taa  ui,  ccillocted  below  a 
rese»-voir  iliffered  fi\im  ilia.t  of  fish  liR.  l  km  downst.ream  (Welch  19*^1). 
Al/pie  wei’o  t.fie  primary  fot'd  below  the  ila.m ,  atri  mayflies  and  small 
sd, otie  n  i  cs  fa.rtdier  downst,re.ar!.  The  influence  of  tailwater  flow  and 
temi'erature  m  food  a,va i  1  ab i  1  i  ty  floci\\-ir,(‘r.  downst..'-eam  a;i  tribut.ary 
inflow,  mid  eorologi  ca  1  conditions,  and  other  influences  modei'al.e  the 
(■'■‘’'■cts  of’  Idle  1!  i  sch.a  i-re .  Brown  l.rc'ut.  1d:a.t  were  i-olloctid  immediat.ely 
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introduced  snails  Mullan  et  al .  19T6 


below  a  reservoir  in  Colorado  ate  more  dipterans  ( sinal 1-bodied  insects) 
than  those  coilected  downstream,  which  ate  primarily  trichopterans  and 
ephemeropterann  (Weber  1959)- 

263.  Food  is  rarely  limiting  on  the  trout  populations  in  cold 
tailwaters  because  of  natural  food  production  within  the  tailwater  and 
food  exported  into  the  tailwater  from  the  reservoir  above.  Food  orga¬ 
nisms  exported  from  the  reservoir  display  seasonal  abundance  patterns; 
quantities  available  in  the  tailwater  are  greater  during  spring  and 
autumn  than  during  midsummer  and  winter. 

2Gh .  Age  and  growth.  Trout  growth  in  tailwaters  is  variable, 
generally  being  comp'irable  to  that  in  reservoirs  and  often  exceeding 
that  in  natural  streams  (Welch  l96l;  Trotzky  19T1).  The  average 
length  of  I'uinbow  trout  c-iptured  below  Blue  Mesa  Dam,  Colorado,  in¬ 
creased  from  2hG  mm  before  impoundment  to  2B5  mm  after  impoundment 
(Wiltzius  1978). 

?65.  Rapid  growth  of  rainbow  trout  stocked  in  tailwaters  has  been 
reported  in  a  number  of  studies.  Mullan  et  al .  (1976)  reported  that 
Gtl■^cked  fingerlings  averaging  19^  mm  long  grew  76  to  102  mm  per  year  in 
01  en  Canyon  tailwater,  Arizona;  76-mm  fingerlings  grew  to  2'^h  mm  in 
length  in  one  year  in  "laming  Gorge  tailwater,  Utah;  <and  76-to  12T-mm 
fingerlings  grew  to  20^4  to  3-81  mm  in  length  in  Fontenelle  tailwater, 
Wytuninr.  Rainbow  trout  fingerlings  released  at  an  average  length  of 
8'’  mm  grew  mm  from  July  to  December  in  Navajo  tailwater,  New 
Mexico  (Olson  1965).  .Otevenson  (1975)  repo'ted  that  the  average  length 
of  rainbow  and  brown  trout  below  Yellowtail  Dam,  Montana,  increased 
152  mm  between  May  and  December. 

266.  The  abundance  of  food  organisms  coming  from  a  reservoir  and 
of  invertebrates  produced  in  the  tailwater  is  associated  with  rapid 
gT-<')wt,h  of  trout.  Parsons  (1957)  stated  that  rainbow  trout  in  Center 
hill  t,:ulwa.ter,  Tenne.ssee,  fed  on  threadfin  shad  coming  through  the  dam 
and  grew  25  mm  per  month.  The  availability  of  the  higher  quality  food 
(fisli  verc.uG  insects)  in  Center  Nill  tailwater  apparently  produced  the 
rapid  growth.  Rairib'W  trout  growth  decreased  in  Dale  Hollow  tailwater, 
Tennessee,  in  1953  and  1 95)4  when  the  number  of  fingerlings  stocked  was 


increased  from  20,000  to  30,000.  This  indicated  high  utilization  of 
available  food  in  the  tailwater.  Temperatures  in  Dale  Hollow  tailwater, 
which  range  from  7.2  to  13.3°C  with  a  maximum  monthly  variation  of 
l.T^C,  are  considered  excellent  for  trout  growth  (Parsons  1957).  Rain¬ 
bow  trout  that  fed  on  the  large  nxmibers  of  arthropods  harbored  in  the 
vegetation  in  Nor fork  and  Bull  Shoals  tailwaters,  Arkansas,  during  1957, 
grew  23  mm  per  month.  In  1958,  when  flood  flows  washed  out  much  of 
this  vegetation,  trout  growth  decreased  to  17  mm  per  month  (Baker  1959). 

267.  Trout  growth  in  tailwaters  and  other  areas  has  been  discussed 
by  several  authors.  Irving  and  Cuplin  (1956)  reported  only  small  dif¬ 
ferences  in  growth  of  native  and  stocked  rainbow  trout  captured  in 
several  Snake  River  tailwaters: 


Total  length,  mm 


t£S. 

Native  fish 

Hatchery  fish 

I 

130 

127 

II 

262 

21^1* 

III 

351 

333 

IV 

U67 

I1I45 

V 

)4  88 

Also,  no  differences  in  growth  could  be  shown  for  rainbow  trout  taken 
from  tailwaters  or  impoundments  on  the  Snake  River,  Idaho.  Trotzky 
(1971)  founci  that  rainbow  trout  in  Kennebec  River  tailwaters,  Maine, 
grew  faster  than  rainbow  trout  in  streams  and  lakes  from  other  areas 
of  the  United  States.  Large  trout  have  been  reported  from  several 
tailwaters.  Rainbow  and  brown  trout  weighing  6.8  kg  have  been  captured 
in  the  White  River  tailwaters,  Arkansas  (Baker  1959) >  and  trout  up  to 
5.5  kg  are  common  in  Fontenelle  tailwater,  Wyoming  (Banks  et  al.  197*^). 

268.  Reduced  water  temperature  extremes  in  winter  and  summer  and 
a,  more  homogeneous  temperature  regime  throughout  the  year  appear  to 
have  r-esulteil  in  year-round  growth  of  rainbow  trout  in  some  tailwaters. 
This  conclusion  is  supported  by  the  inconsistent  age  readings  and  lack 
of  annulus  formation  on  s.cales  of  trout  from  some  tailwaters  (Moffett 
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19^2;  Parsons  1957;  Pfitzer  1962;  Olson  1968).  In  Watauga  tailwater, 
Tennessee,  where  winter  water  temperatures  are  moderate,  year-round 
growth  of  rainbow  trout  averaged  15  mm  per  month.  Little  or  no  fish 
growth  will  occ\ir  in  tailwaters  where  winter  water  temperatures  are 
extremely  cold. 


Esocidae  (Pikes) 


269.  There  are  four  species  of  the  pike  family  in  North  America: 
grass  pickerel,  chain  pickerel,  northern  pike,  and  muskellunge.  The 
natural  range  of  the  chain  and  grass  pickerels  is  the  eastern  United 
States;  whereas,  that  of  the  northern  pike  is  north-central  United 
States  and  Canada,  and  that  of  the  muskellunge  is  the  Great  Lakes 
states  south  to  Kentucky.  Northern  pike  and  muskellunge  reach  a  large 
size  and  are  highly  regarded  as  game  fishes.  Both  species  or  their 
hybrids  have  been  stocked  extensively  in  some  reservoirs.  The  chain 
and  grass  pickerel  are  smaller  fish  and  though  chain  pickerel  provide 
fishing  in  some  streams,  gi'ass  pickerel  seldom  reach  catchable  size. 

The  pickerel::  occur  in  some  tailwaters,  but  they  receive  little  mention 
in  the  literature  and  will  not  be  discussed  further. 

Pikes 

270.  Habitat .  All  pikes  have  similar  requirements  in  that  they 
prefer  clean,  quiet-water  areas  of  lakes  and  streams  where  there  is  an 
abundance  of  aquatic  vegetation.  In  streams,  they  prefer  cover  along 
the  margins  in  patches  of  vegetation,  beside  submerged  roots  or 
branches,  or  in  patches  of  shade.  Northern  pike  are  commonly  found  in 
a  variety  of  habitats  in  Jakes,  reservoirs,  and  large  streams,  and 
muskellunge  in  lakes  and  pools  and  backwaters  of  slow-moving  streams. 

271.  Reproduction .  Pikes  spawn  in  the  spring  soon  after  ice-out. 
They  move  into  marsJies  or  other'  sliallow  marginal  waters  where  vegeta¬ 
tion  is  abundant.  No  nest  is  built,  and  eggs  are  broadcast  and  aban¬ 
doned.  The  adhesive  eggs  sink  and  .-rdhere  to  the  bottom  or  to  vegeta¬ 
tion.  They  iiatch  in  10  to  l^  days,  and  the  larvae  remain  inactive  but 
attacheci  to  veget.a.tion  for  6  to  10  days  or  until  the  yolk  sac  is 
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absorbed.  Both  eggs  and  young  may  be  stranded  if  water  levels  drop  in 
the  shallow  breeding  areas.  Studies  suggest  that  spring  water  levels 
must  remain  high  for  at  least  a  month  after  pikes  spa^-.u  to  obtain  good 
year-class  survival. 

ST2.  Food .  Pikes  are  carnivorous,  feeding  principally  on  other 
fishes.  They  remain  motionless  near  cover  and  dart  out  to  capture 
unwai-y  passing  prey.  Pike  iarvae  eat  zooplankton  and  the  larger  young 
eat  aquatic  insects  and  small  fish. 

STB.  Age  and  growth.  Growt,h  of  both  the  northern  pike  and 
rnuskellunge  is  extremely  rapiti.  Northern  pike  average  251  mm  long  at 
the  end  of  their  first  year  and  TT7  mm  at  tiie  end  of  their  sixth  year 
(Ka.rvelis  196M  .  The  maximum  length  of  ma.ies  probably  does  not  exceed 
760  mm  (Tlireinen  et  al .  1966).  Maximum  length  of  females  may  exceed 
1016  mm,  but  few  survive  beyond  12  years.  Muskellunge  average  267  mm 
long  at  the  end  of  their  first  year  and  769  mm  at  the  end  of  F  years 
(Karvelis  1961)).  Maximum  age  is  about  20  years,  and  maximum  reported 
lc!igtli  is  in  excess  of  1270  mm.  For  ail  snocies  of  pike,  feinales  grow 
more  rapidly  and  live  longer  than  males.  Most  fish  are  mature  when  2 
or  1  years  old. 

PikC'S  in  ta.ilwnters 

27-i .  None  of  ^  lie  pikes  are  common  tailwaters.  They  may  be  found 
tiiere  for  several  years  after  construction  of  a  reservoir  on  rivers 
wliere  ;,he  specie:-,  occurs  naturally  or  after  stocking  within  the  reser¬ 
voir.  They  ma.y  move  upstream  into  tailwaters  from  downstream  locations 
at  ctu't.nin  t  imes  of  the  year  to  t'eed  or  spawn. 

."’75.  Most,  northern  pike  and  muskellunge  found  in  tailwaters  have 
T-assed  over  or  through  a  dam  from  the  reservoir  above  (Diuzhikov  I96I; 
ii'uuton  1977;  Wiltzius  1978).  During  or  immediatly  after  the  filling 
oi’  a  new  retterv':)!  r ,  pike  may  become  common  in  the  tailwater  for  a  short 
period.  Diu/.hi k.'V  (1961)  reported  large  year  classes  of  pike  being 
p  dui-ed  in  Kuibyshev  Reservoir,  Volga  River,  as  it  was  being  filled. 
Many  of  these  fish  irassed  over  the  dam  and  congregated  in  the 
tni  Iwat.or  s ,  fectiing  ('ui  the  large  numbers  of  small  fish  that  passed  over 
the  d.am  or  were'  blocked  during,  upstream  migrations.  During  the  two 
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'  ■  '  t;,?irec  ycM  r:'-  !'. 1 1  h'v i  nfi  i  m])oun(linenl. ,  up  to  Uo  percent  of  the  number 
:uia  *^0  perv'cnt.  cf  the  biorriCG  of  fir.li  cuup.ht  in  the  tnilwaterc  were 
I  ikf.  f'hepe  hi!';)i  cntchec  were  t'.'llowed  by  a  x-api  d  decline  in  nurnberc. 
wir.hiri  yeai'G  (Chikova.  ]9b>’^). 

'T'h.e  Ivuu;  otf  pike  I'ror:  Kuibyc.liev  tailwaters  c-an  be  atl.ributcd 
'o  botii  cedncet;  I'eprotiuc  (.  i  on  in  the  rercrvoir  and  lack  of  npawninp; 
.•iiccer,:'  in  1,iic  t.a  [  1  water .  .Ipawuinr  in  t.lie  tailwater  was  dt'layeii  from 
L’arly  .’lav'  re  la.ti-  May  becaure  of  rbvwer  warminy  cf  water  and  hi.yh  daily 
and  wci'kly  water-level  I  uctvnt  i'am  i-aused  by  hydropower  pa’oduction, 
w);ic)i  :'u7-t!ier  ‘nl!ibit.;'d  snawnin;'.  And  i  t  i  >  na  1  ly ,  a  seasauial  drop  in 
wte!'  levi'Js  ef  a  to  '■  j'l  ■'■c'ciuTed  '.'hirin)'  emla'yeiii i c  development,  re- 
.".l  ’  :  n.;-  i  i;  ina.csive  derdccation  of  the  denorit')  erftn  :ind  larvae 
(i'direev  and.  dSiik-'Va  !  o*.,,-' 1  . 

Ml";'.  A  ai'-.iiar  situa'.  i  a’!  e-ccurj’ed  !!i  darvrkaya  ta  !  Iwat.ers  ori  liie 
V;  wii'-re-  la'.-ulnr,  rhar;  wa  t.er- !  .^-/e  !  •'in.’ t  ua '.  !  ■ 'nr.  due  to 

!  y  ii’  .  wer  ;...aki;.t  aekivi..;.  reruleeii  in  the.  di  Grupt-iec,  .  .r  cesration  of 
;  "iwnLi  nr.  'i'diir  vnu  evident,  fr.'m  t.tic'  la.7'po  inK:.bet’  cf  .-idul  •.  pike 

'  b.,'  r.  r  .rb  i  n,'  .•■Oa’i.’iI  arediie-r'.  ( Iku-annikova  l^hC).  Di  sripiie.ai’- 
•ii.  ■;  .I't  ;7''rt.  ’.'  iki.-  fr’.an;  the  ta  i  IwiLerr,  ijel'iw  !' -in'  hydrofcwer  im- 

:  .  C.''.iko,  Five  Ch.anr.oLG,  Fc-oti',  atri  Mio)  on  the  Au  Fable 

r,  ■'!  i  r  beii.'va.'d  t..  i:a',a,'  beoi-;  ra,ur,e(!  by  the  .Lack  of  st'.awi'.  inr 

.'O'  In  !.  ;ie  ‘  a  i  Iwa  t.  i'r ,  c-'Ui1t'.l  with  a  renoral  .lecr(.'.a.se  in  p7’oduc- 

‘  'O’  'll'  unrtreatn  re.ae'v  oi  rs  (Hicha’-i.ir  197F). 

.’i"'.  Darir  'vive  .'i  1  ■  c !’f«.7ct i vel ,7  l.iiiiit.e'i  lajproducti on  by  blockinp; 

.•e':!e’'.t  find)  t  ,  t  !,('i  r  uprtre.'ini  upawninp  rrovindr.  Thi.'.  occurred  on 
li.e  Fiiiilr'  I'k  riu'  K.uitucky  Fiver  where  muskell unp;e  numbei's  have 
r'eadily  de.’lin.’.i  since  the  construction  .'■i’  Buckhorn  Reservoir, 
iv  .a'ra.'ky  (b:’.a.n.''n  19Tr). 

tV9.  ''ir.'  cfCf.c;,,;  flow  7-or,ulatlon  on  pike  .'ire  not  limited  to 
‘!i’-  immediat  e  ‘.a.i  1  wa' err,  .jf  certain  dams.  Reduced  7’iver  flows  result- 
i  r;,.-  fi- ■'!•!  T-esefYoir  fill  in,-'  can  affc'ct.  pike  distribution  .and  repj’O.iuc- 
t,i..n  iiiiiid  r.f  kilom.i.'.rer  ■  'Wi.r,  t  rea.m .  Low  wintei’  flows  below  Bennett 

D't:\  . til'-  t<'.ac(— Al.lialrisc-!  [fiver  in  Manad.a  liurinr  the  filling  of 
i  1  1  :  r.ton  L-ikc  t  >ii-c,-)  r  raici  tlu-  nort.liern  pike  popultitions  in  Lake 


Athabasca  through  severe  freezing  of  shallow-water  areas  and  increased 
oxygen  depletion  which  caused  a  winter -kill  (Townsend  1975). 

280.  Similarly,  flood  control  below  the  Volgograd  hydropower 
facility  on  the  Volga  River  has  affected  the  northern  pike  population 

in  the  delta  on  the  Caspian  Sea  far  downstream.  The  low  water  resulting 
from  spring  flood  control  has  shifted  the  pike's  distribution  within 
the  delta  and  has  caused  a  delay  in  the  spawning  season  from  March-April 
to  May  and  a  corresponding  decrease  in  spawning  success.  The  delay  in 
spawning  shortened  the  foraging  season,  and  pike  growth  rates  declined. 
Additionally,  the  reduction  in  numbers  of  the  pike's  prime  forage 
species,  mainly  spring  spawning  vobla,  pike-perch,  and  bream,  resulted 
in  a  decrease  of  its  aanu.al  food  supply  (Orlova  and  Popova  1976). 

Cyprinidae  (Minnows) 

281.  The  minnow  family  is  the  largest  of  all  fish  families.  Most 
members  are  small,  but  some  (carp,  squawfish,  chubs)  attain  large  size. 
Minnows  are  found  in  all  natural  waters,  but  are  more  common  in  streams 
than  in  lakes  or  ponds.  In  streams,  they  are  often  more  numerous  than 
all  other  fishes  combined.  Minnows  are  efficient  in  transforming 
minute  aquatic  food  into  sizable  food  for  larger  game  fishes. 

282.  As  a  group,  the  cyprinids  vary  greatly  in  food  habits;  some 
feed  on  insects,  some  on  algae,  and  some  on  the  organic  mud  of  the 
bottom;  still  others  are  omnivorous.  Habitats  may  include  silty,  clear, 
or  bog  waters;  quiet  or  rapidly  flowing  streams;  sand,  mud  or  gravel 
bottoms . 

283.  Spawning  migrations  by  minnows  are  limited;  no  species  moves 
more  than  a  short  distance  upstream,  or  beyond  the  shoals  of  a  lake. 

All  spawn  in  spring  or  summer  and  the  incubation  period  of  the  eggs  is 
reiatively  short.  Some  species  merely  scatter  their  eggs  in  a  suitable 
habitat;  others  deposit  them  in  specially  prepared  nests;  and  still 
others  guard  the  eggs  until  they  hatch. 

28)*.  Many  different  species  of  minnows  often  occur  in  the  same 
waters.  In  such  instances,  the  various  species  are  found  over 
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different  types  of  bottoms:  mud  feeders  over  mud  bottom,  algae  feeders 
over  algae-covered  rocks,  and  insect  feeders  over  sand  and  gravel  or 
other  types  of  bottoms. 

285.  With  the  exception  of  carp  and  some  chubs,  minnows  are  not 
sought  by  sport  fishermen.  Most  minnows  are  effective  baits  for  the 
taking  of  sport  fishes.  Because  of  the  large  number  of  minnow  species, 
this  discussion  of  life  history  is  limited  to  the  following  general 
cyprinid  groups:  carp,  chubs,  true  minnows,*  shiners,  and  stonerollers 
Species  considered  within  these  groups  are  those  most  often  mentioned 
in  tailwater  literature.  Discussion  of  cyprinid  occurrence  in 
tailwaters  includes  the  above  five  groups  plus  daces,  squawfishes  and 
chiselmouths,  and  cyprinids  in  Russian  tailwaters.  Daces,  squawfishes, 
and  chiselmouths  are  of  local  importance,  and  Russian  cyprinids  are 
included  to  illustrate  tai Iwater-fish  problems  similar  to  those  found 
in  the  United  States. 

Carp 

286.  Habitat.  Carp  are  found  throughout  the  United  States.  The 
species  is  very  adaptable  and  occurs  in  most  aquatic  habitats  but  is 
most  common  in  large  streams,  lakes,  and  man-made  impoundments  that  are 
highly  productive  because  of  natural  fertility  or  organic  pollution. 

In  streams,  adult  carp  are  usually  found  near  submerged  cover  such  as 
brush  piles  or  logs  and  where  the  current  is  the  slowest.  In  lakes  and 
resei’voirs,  carp  are  usually  found  near  shore  or  in  shallow  embayments; 
an  occasional  fish  may  be  found  in  depths  exceeding  10  m. 

287.  CaT-p  do  not  school,  but  they  do  form  loose  aggregations. 

The  species  is  not  considered  migratory,  but  some  individuals  move  for 
I'.mg  distances.  Where  carp  become  abundant  there  is  usually  a  general 
deterioration  of  the  habitat  because  of  increased  turbidity  and  destruc¬ 
tion  of  aquatic  vegetation  caused  largely  by  the  fish's  feeding  habits. 

288.  Reproduction.  Carp  move  into  shallows  to  spawn  between  late 
March  aiid  late  June.  Spawning  starts  at  water  temperatures  of  IU.5  to 

^Members  of  the  family  Cypirinidao  whose  common  name  includes  the 
word  "minnow"  (Bailey  et  .  1970). 
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J  ('‘^C  but  ptjuks  at  tci  PO°C.  1'he  egp^c  ai-e  scat, tufe(]  over  lugs, 

focks,  i.>r  submerged  vegetation.  Eggs  hatch  in  to  ft  days,  depending 
on  temperature ;  tiiore  is.  no  parental  care  oT  eggs  or  fry.  Carp  i_.ften 
spawn  in  watei-  so  shallow  that  their  backs  ai-e  expos.od  and  the  noise 
created  as  tliey  t.hrasli  about  can  be  heard  f,  r  c- ansiiie;-abl(-  distatjces. 

:’ft9.  Food .  Carp  feed  on  a  variety  of  aiiimal  and  platit  material. 
.■Iquatic  insects  are  the  most  common  diet  item  and  plant  material  ranks 
second.  Most  active  feeding  occurs,  iri  late  eveniiig  .cr  •cj.rly  inoia.ing 
anil  food  in  probably  located  mr-re  by  taste  tdiai!  by  sight.  Carp  'O’e 
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i  oftft ) . 

POP.  Carr)  have  also  a.da.ptei.!  well  to  coiiu '  t  i<,ns  in  a  number  jf 
cold  f.ailwaters.  Creel  su?'veys  in  K)  nt.ucky  ii  t lie  barren  Reservoir 
and  n.'lin  Reservoir  a  i  !  waters  f?-i'ra  19(C  ‘  tirouen  19Ti  recorded  catches 
of  car’p  ra.iif.'ing  fi’U'm  1,100  to  (.,.’00  anii  1  ■*<'  10,000  fish,  I’espec- 

(  ively.  ?iicS('  catches  accounled  :'or  -1  to 


'HI 


10  I'tu'cent  of  tiie  total 


'ij  trii] -wri ti’rs  during  those  ycriro  (J.  P.  Carter 

.  "  ':.,;rl'  and  MeLe;;ierf  197d).  addition,  carp  ct'.inpcised  50  per- 

,  .•  ■'  population  (estiinated  from  samples  collected  by 

■  •  ■  ■'  ■"  L'iii  in  ;Pilin  Ro.-.ei'Voir  tailwater  in  March  IQGG  (J.  1'.  Carter 

.  'Carp  aro  abunaant  i  i-  Chilliowee  and  rJoj-ris  t  a  i  ].  waters  , 

■  ■■  (iiil!  They  are  orio  of  the  doininaiC  nix'cies  in  Dale 

w  ■nilw^■  lor,  'ii'!ines-soe  (Bauer  ICT'^).  I'lienagh  n  1,  :iuir.eroun  in  the 
i:.":'Ta‘o  :  a  ;  wa :  o  i' ,  lUirp  wot-e  ITnirid  !.e  make  up  1-^  percent  of  tl’e  fish 
p  pa  .!i '.I'oaiM  beh'w  Cumberland  D'n’n,  Kentucky  (Henley 

Pd'. .  Cn.i-p  are  ,-omf.  nl.v  '’ound  in  angler  catches  In  a  series  of 
•a'lwa'err  on  the  ;'n:ike  ilivor,  Idaho,  including  bower  Tnlnion  Falls, 


i-iisr,  nnd  C.  P .  I'lrike  (irviiig  -uid  Cup]  in  ],95h).  Holden  and  Ftalrrik.er 
apn  'j  j-e;  ■ 'i”  ed  nnre  as  cor_’''.e'n  below  illeii  Canyon  D'un ,  Colorado.  Hot 

all  cola  lailwaterL'  cotilinue  *■  o  |!'ovide  goiai  cnarp  habitat.  Carp  hrive 
ns.- d  in  abutKlanae  in  a  byor:  i  t.a  i  1  wa  P' ,  apparcni.ly  because  o'" 
a'Ciin'i.r  tempera  t  ure;,;  (TulJan  et  a  1 .  l‘">Yot. 

.'^i.  :):i’n  (’irir;- ruet  i  oT:  has  ll-dt.ed  the  di  str  ibut.  i  ot;  of  carp.  The 

'it  s  ■  ;’na.;:i  migj’a'ioti  'd"  car;  o-it  of  s.  ■me  TtT.iiessce  rosorvcoirs  hru-,  been 
t'o  ekeu  b;;  mill  dams.  This  tuTes  r:;aint.aln  the  populations  of  small- 
::0‘Ut  !i  bass  an.i  -'ther  gam-s  :'i  sti  in  those  streams  by  limiting  convietition 
(•■'uiii-  ]'•■'").  in  the  Ki'r.nebec  iliv-s,  Maine,  carp  have  b'oor.  kept  out  of 
•  iie  ;■;■:! ’.e  up'pcr-  ri  vei’  by  t.i;e  ;  m'sence  of  Augusta  Dam  (F-'ye  et  al . 
lo,  ol  . 

,’dt.  du.s  :’fss  !’u  1  carl'  ta'i'i-i'diict  ion  may  oco-ur  in  tai  i  w.a  ter;' ,  bt)t  it 
;!■',  I'-'n  v- ;  f :  ■■>  i .  Buntiing  I’ii'o  carp  wa'rc  ca.nght  in  Lewis  and 
■•.  •  n  ;  W'’i :  ,  .■..•'it'n  i’.ak.eta  •md  'lebr.a  s.Ka  ,  at  t  rmp'eratures  of  F:’°C, 

si’en*  t'emales.  W'.-re  fe-und  •iftor  t  omper:!.l  nros  .'f  fh'^C  were  reached, 
ling-,  ■f-f;  in'-virir  carp  wi^i'c  c'odlect.ed  from,  tlnis  tnilwater  (Walburg 
'•  al.  iO'iT). 

dhh.  Mos.t  recru  i  t  mi'tp  -’f  ■■a-p  ti'  tai!  waters  .appeal's  to  I'ome  from 
'  i.e  res.t  if  ah,  ye  .  t  lie  rdvo.-  .j.  iwns  tream .  Large  numbers  of  young- 
oari' — as  many  as  Sin, 000  in  Ph  hoar.s — W('')'e  found  in  the 
.•i.a?-ge  at  i,ewi  s  an.!  Clark  Lake,  but.  tdiesa?  t'i  sh  ,iid  not  stay  in  the 
water  (W.albufg,  1  o,' |  ;  Walburg,  et  .-ii  .  loyi )  .  Adult,  cai'p  were  the 
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second  most  numerous  species  lost  over  the  spillway  at  Little  Grassy 
Lake,  Illinois,  amounting  to  ih  percent  of  the  total  fish  transported 
into  the  tai] water  (Louder  1958). 

296.  Food  habits  of  carp  in  tailwaters  were  examined  only  below 
Lewis  and  Clark  Lake.  Zooplankton,  algae,  and  bryozoans  were  all 
utilized.  Zooplankton  was  the  main  food  available  during  the  period 
wtien  carp  were  most  abundant,  from  early  spring  through  July  (Walburg 
et  al.  1971). 

297-  Carp  grow  well  in  most  warmwater  tailwaters.  The  average 
weight  of  carp  taken  by  anglers  in  Carlyle  tailwater,  Illinois,  was 
0.66  kg  in  1967  and  0.50  kg  in  1968  (Fritz  I969).  The  average  weight 
of  tiiis  species  collected  in  Canton  Reservoir  stilling  basin,  Oklahoma, 
was  0.50  kg  (Moser  and  Hicks  1970).  Carp  collected  in  Lewis  and  Clark 
tailwatei-  .'iveraged  8  percent  larger  than  those  from  the  reservoir 
(Walburg  et  al.  1971). 

Chubs 

29b.  Habj. tat .  Most  si'ecies  of  chubs  inhabit  clear  streams  having 
permanent  flow  and  a  predominance  of  clean  gravel  or  rubble  bottoms. 
Adults  are  usually  found  near  riffles  or  in  pools  but  not  in  the 
swifter  current.  The  young  are  usually  found  in  quiet-water  areas  and 
most  often  in  assoi.'iation  wi  Lli  higher  aquatic  plants. 

:^99.  Reproduction.  The  following  description  of  spawning  by  the 
hornyhead  chub  (Scott  and  Crossman  1973)  is  believed  typical  for  stream 
chubs.  Gnawning  takes  place  in  the  spring  of  the  year,  probably  when 
water  t.emperat\ires  reach  about  2)i°C.  Nests  of  stones  and  pebbles  are 
built  by  t.he  males  on  a  fine-gravel  or  pebble  bottom,  often  below  a 
riffle,  an.l  in  relatively  shallow  water  that  covers  the  top  of  a  com¬ 
pleted  ner.t  t.o  a  depth  of  19.2-it9.7  cm.  Nest  building  is  usually 
begun  ai'ter  May  15.  As  construction  progresses,  females  may  approach 
tiie  ne.-d.  iiid  be  enticed  to  it  tr  driven  over  it  by  tlie  male.  Spawning 
take:;,  I'lace  in  a  few  seconds  and  the  female  moves  quickly  downstream. 

Ti  e  released  eggs  settle  ttmong  the  stones  and  the  male  continues  to 
'idd  more  st'^nes  to  the  ne.st,  t.hus  ensuring  additional  protection  for 
the  eggs..  The  nesl.-bui  1  ding  male  carries  stones  in  liis  mouth  or  rolls 
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and  pushes  them  with  lips  and  snout.  The  total  egg  complement  is  not 
deposited  in  one  nest  at  one  time,  since  at  each  spawning  a  female 
deposits  only  ripe  eggs.  As  many  as  10  females  may  spawn  in  one  nest. 
The  nest  mound  increases  in  sise  as  more  stones  are  added  by  the  male 
after  successive  spawnings.  The  si-.’.r's  of  nests  are  irregular  and  vary 
from  30.5  cm  to  91. cm  wide,  from  td.O  cm  to  91.^  cni  long  (with  the 
current),  and  from  5.1  to  15.?  cm  deep.  The  nesting  sites  may  be  used 
as  spawning  grounds  by  other  species  of  minnows,  even  while  the  chub  is 
still  using  the  nest. 

300.  Food .  Young  chubs  feed  on  cladoce'^ans ,  copepods,  and 
chironomids.  Adults  en*.  m.ainly  immature  and  adult  aquatic  insects, 
terrestrial  irisects,  crustaceans,  and  plant  material.  Crayfish,  worms, 
and  mollusks  are  also  consumed  by  some  species. 

301.  Age  and  growth.  The  ultimate  size  attained  by  chubs  varies 
with  the  genus.  Total  lengths  of  adults  are  generally  65  to  75  mm  in 
some  genera  and  100  to  ?00  mm  in  others.  Maximum  length  ranges  from 
90  mm  for  soiue  genera  to  r60  mm  for  others.  Males  grow  more  rapidly 
than  females  and  reach  a  larger  maximum  size. 

Chubs  in  tailwaters 

302.  The  common  name  "chub"  is  used  for  fish  of  several  genera. 
This  discussion  is  limited  to  chubs  from  the  genera  Hybopsis,  Gila, 
Mylocheilus ,  Nocomi s,  and  Oemotilus. 

303.  The  various  chubs  respond  differently  in  tailwater  environ¬ 
ments  and  their  presence  or  absence  depends  primarily  on  the  charac¬ 
teristics  of  the  particular  tailwater.  In  Tennessee,  the  river  chub 
(liocomis  micropogon)  is  abundant  in  the  coldwater  Apalachia  and 
Chilhowee  tailwaters,  where  it  is  used  as  forage  by  other  fish  species 
(Pfitzcr  196?;  Jlill  1978).  This  chub  has  disappeared  from  the  Grand 
River  below  Shand  Dam,  Ontario,  but  it  remains  common  in  the  river 

ah' 've  the  reservoir.  Delay  of  the  spawning  season  because  of  a  7°C 
dec!  itic  in  maximum  temperature,  from  28°C  above  the  reservoir  to  21°C 
in  the  tailwater,  is  cited  as  the  reason  for  the  river  chub's  dis- 
a[ip.‘arance  (Opence  and  Hynes  1971b).  The  river  chub  has  also  dis¬ 
appeared  from  the  warmwater  tailwaters  below  four  hydropower 
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irripoundmentG  <in  the  An  Sable  River,  .Miclil;?;rui  (Richards  1976),  but  the 
reaseii  foi'  this  disappear’aiice  is  unknown. 

30!t .  The  roundtail  ehub  (Gila  robust;! )  is  found  below  Blue  Mesa 
D.-ui! ,  Colorado,  and  has,  aj.parently  suffered  no  ill  effects  from  the 
reciuced  teni])erature  and  turbidity  in  thi.s  tailwater  (Mullan  et  al .  19T6; 
Wiltzius  1978).  However,  this  species  of  eliub  appears  to  be  disappear¬ 
ing  from  a.  tailwater  in  Mew  Mexico  (Mullan  et  al .  1978).  In  a  tailwater 
in  Uta;’.  ami  Wvavninp:,  tije  roundtail  chub  did  not  renrc.iuce  in  two  of 
throe  year;’  fiillowiny  impoundmen:, ,  presumably  becau.se  of  the  reduction 
of  Guinmer  wat.er  tetti])eral.ure  from  8.3  to  that  resulted  from  in- 

c”eased  r.imimer’  hypoLimnetic  discharges  in  196li  and  L‘i66.  The  growth 
rat.e  of  this  specie.-,  lias  alsf'  ciei’lined  since  impoundment  (Vanicek  and 
Kra.me!’  I'ilbQ).  Tl'.e  '.'.iiailar  bonyt.'ii  !  chub  (Gll.a  elegans),  ot;ce  con- 
,;i  acred  a  r,ubs,pecies  of  Die  roundtail  chub,  has  disappeared  fr,  m  a 
a  id  '.aiiwater  in  V/yoming  becaus!’  wati.‘r  temnerat.ures,  and  turbidities 

■  ■'.itabic'  :\u'  this  species  n<  Jonye?’  occur  (Mullan  et  al .  1970. 

mV).  The  huj’ipback  chub  (Gila  cyplia)  wa..  uccarionally  found  in  an 
Ar  i  ;u'!i,a,  t,:i ;  1  w-itc!’  in  1967,  but,  by  197'’'  numbei’s  of  tdiis  ;;pecies  in  this 
'■  1  i  tai.lwaie?’  !)a  ;  I'urther  di.-dl  iik-d ,  mosi  likely  because  of  l.abitat. 
■irsit'es  feral  t  i  i.r  from  dam  construction  and  operation  (iiolden  and 
.■‘■ilnaker  L'Vf;). 

■■'dt.  "l.e  hcrriviiea  1  ,'liub  (il  comi  s  hif:utta't  us)  has  a  large  popula- 
in  tdit'  e,>!d  tailwater  belc)W  Hoover  Dam,  Ohio,  where  temperatures 
r-ir.ge  from  1  .  7  Ai.Y^C.  Overe  r’owding  in  the  tailwater  may  be  aiding 

■  xpa.n.' i  't.  e!'  ;  h  i  L’.  r.peeier.  in  the  .irainage,  where  it  w-is  rarely  found 
i'C'’o.'’e  i  I’pn.jiindmeiit.  of  t  lie  reservoir  (Cavender  and  Crunkilton  1977). 

.'’pawn :  fift  delays  caused  hy  'he  ’i"C  'emperature  reducl.ion  below  Ghand  Dam, 
Ont,ari(i,  have  e !  i  m  i  nat.ed  t.he  hei’iiyhoad  ciiub  from  this  tailwater.  This 
.n<’cies  is  itu’  ■ the  moi’e  cemis.oti  cyprinids  above  i.he  reservoir  (Spence 
and  Hynes  ID'llb). 

307.  The  C7’ei;k  chub  ( Demo  id  ]  ns  •il.romaculaiii.s)  has  thrived  in  cold 
tailwaters.  I 'l  i  r,  camm.'ii  in  Hoover  t.ailwat.er,  Ohici  (Cavetider  and 
frunkilf.on  IO7I1),  atid  it,  tb.e  t.a  i  Lwa  i.cr  below  Granby  Dam,  Colorado,  in 
.spite  of  a  ri'dijct  i ,  jt,  in  flows  to  only  11  percent  of  the  historical 
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1  tiijhiihhy  it.  :,:ii  1  wtii  Off,  ''i.-iy  some  chub 

i  f  tfl'i  lit.v-int  ■■  bij^eye  chub  ( !  iy  boyr.  i  s  timb  1  oi' s )  it' 

i.;:!..'  t’ittv.i  it.  : :  ’ 'V  ■  f  ttt  i  1  wat.cf  ,  yorh.'U'S  due  to 

Thi.t  I'i'ee’es  is  seldom  found  it.  the 
■■■  ■'  ;  i.-  '.'.'•I  i  i.tit  df'.fk  if'!  i  (Cnvet.der  and  Crutikilton  IQ?'*). 

■.  i  !.  ise  ’til.'  loriO  nttmbor  d'  olmb  species  and  the  wide 

r  ii..-n  t  hi  i  f  etiv •itt’iiMi' 'll  f'.'qui  la.-metits  ,  {'eiKuai  I  ir.ations  on  their 
;ii  it.  t-  iiwai.  i  .•  d  i  !' ft  ci  il  t. .  Tempi -rti  ture  chtinpes  and  their 

-'free!,.',  ot,  I'l •iifodui- 1.  i . Ml ,  .0 .1 . 'Up:  wii  li  ch.aupes  in  turbidity  ^  appear  to  be 
mi'i-.t  iiir,  'f!anl  iii  di  d,' 'i-mi  ti  i  ni-;  !.he  pre.oence  ot-  tibi'emte  of  chubs. 

I'fuo  mi  nii<  iwr, 

IK’.  liabi  t  :i.t .  The  true  mitmows  are  a  viiviu'r.e  proup  with  variefy 
e"  ii.abitat  prefcreiiia  .  Many  iirefer  lakf's,  ponds,  or  backwaters  of 


r.low-movi ng  ctretiins  with  ciense  vegetation.  Few  species  are  found  in 
reservoir  tailwatorr..  They  are  tolerant  of  turbidity  as  long  as  there 
is  ejiougli  curi'ent  to  keep  riffle  areas  free  of  silt.  Mariy  occur  in 
Si'hfiols  tiear  the  river  bottom,  but  they  avoid  strong  current. 

333.  Reproduction .  Most  minnows  spawn  between  April  and  July. 
Some  randomly  spawn  in  shallow  areas  above  gravelly  or  sandy  riffles 
and  others  over  silt  bottoms;  still  others  prepare  nests  in  sand  or 
gi’avel  areas  wliich  are  guarded  by  the  male.  The  following  description 
foi-  the  bluntnose  minnow  ( Pimephalcs.  notatiis)  taken  from  Pflieger 
(1975)  is  fairly  typical  for  nest-building  minnows. 

31  .  Tlie  bluntnose  minnow  lias  a  long  spawning  season,  extending 
in  Missouri  fi:-om  early  May,  wlien  water  tempera t.nrcs  arc'  at  least  20°C, 
to  about  mid-August.  The  peak  of  r.pawning  is  in  late  May  and  June. 

The  eggs  are  deposited  on  almost  any  ohjc'ct  (flat  i-.toiies,  boards,  logs) 
that  has  n  flat  undersurface  and  lies  on  tlie  bo!  t  om  at  depths  of  15  to 
90  cm.  Usually  sand  or  giaivel ,  rat.iier  '  Irn;  a  nu  !  h.d  t  om,  is  selected 
for  a  nest  .site.  Nest  o  'nst  met  i  cm  c'onsisls  of  va  ti  ng  a  small 
cavity  beneatli  t  lie  object,  solecteil  and  c'lorminr  !;!;■  nr:  lorsurfaces  where 
tiu?  egg,s  will  bo  depos  i  ted .  Fti  )'xc:ivil  i  r:r  t.hi'  i-a’,''!;,-,  ,:ilt,  fine  sand, 
arni  frebblt':';  art'  swept,  away  by  vi-olcnt  rri'g.i'n.s  t},.-  tail  fin,  and 
l.arger  objects  aro  push'd  o-i»  wi  t.h  t,!i.'  ‘  nber.'n  i  a  •  .n  ut,.  The  roof  of 
tlie  cavity  is  by  tfic'  fial<'  with  tii;’.  rr>'Utii  and  t.ho  rronr.y  itad  (.in 

his  back.  Only  a.  single  rntcli.’  ■  (■.•npies.  a  nes'  ,  tut  sevt'r.al  males  often 
nest,  in  rroximit.y  bi'ru'.atii  a  single  c'bji'ct..  J'cvei'al  females  may  spawn 
in  a,  sirig.lc  r.-'st,  wtiicli  may  nl  t,  imat.c'ly  contain  more  tlian  5000  eggs, 
i'lggs  liatch  in  6  t,o  17  days,  depending  on  wat.tu-  temperature,  and  newly 
hnt.ched  young  are  about  5  mm  long.  The  male  remains  on  the  nest 
tlifi-iughon I  tile  incuba.t.ion  period,  di’iving  away  all  other  fish  except 
females  ready  to  spawn. 

315.  Food .  Tile  fotid  of  the  minnows  is  generalized  and  includes 
both  plants  and  animals;  aquatic  inr.ects,  small  crustaceans,  and  algae 
predominate. 

116.  Agf'  and  growtii.  Lengths  of  adult,  minnciws  gencrnlly  range 
between  50and  75  mm,  and  m.a.x  i  mum  lengt.lis  bet.wec'n  75  and  100  mm.  Most 


average  about  50  mm  long  at  end  of  first  year  of  life  and  75  mm  at  the 
end  of  the  second.  Few  live  longer  than  3  years.  Most  are  sexually 
mature  in  their  second  summer. 

317.  Males  grow  more  rapidly  and  to  a  larger  size  than  females 
for  minnow  species  in  which  males  guard  the  nest.  Females  are  usually 
larger  in  species  that  do  not  guard  the  nest. 

True  minnows  in  tailwaters 

318.  Seven  genera  of  Cyprinidae  are  commonly  termed  "minnows" 
(Bailey  et  al.  1970).  Two  genera  ( Plmepliales  and  Phenacobius )  that 
reportedly  occui’  in  tailwaters  are  discussed  in  this  section. 

319.  The  fathead  minnow  ( Pimepha] es  promelas )  has  a  wide  tempera¬ 
ture  toleranc-e  which  makes  it  well-suited  to  the  tailwater  environment. 
It  has  increased  in  numbers  in  both  the  Navajo  tailwater.  New  Mexico, 
and  the  Fontenelle  tailwater,  Wyoming  (Mullan  et  al .  1976).  The  fathead 
minnow  is  one  of  the  remaining  native  species  in  cold  Granby  Dam 
tailwater,  Colorado,  where  flows  are  only  11  percent  of  the  historical 
average  (Webei-  1959).  The  fathead  minnow  is  the  third  most  abundant 
species  in  the  warm  tailwater  below  Lake  Carl  Blackwell,  Oklahoma,  and 
spawning  activity  was  indicated  in  mid-April  when  water  temperatures 
reached  17°C  (Ci’o.ss  1950).  The  fathead  minnow  also  occurs  in  Hoover 
tailwater,  Ohio.  It  apparently  passed  over  the  dam  from  the  reservoir 
above  where  it  had  been  introduced  as  a  bait  fish  (Caveniier  and 
Crunkiltt^n  197^).  This  species  was  also  introduced  into  Dale  Hollow 
tailwater,  Tennessee,  probably  through  its  use  as  a  bait  fish  (Bauer 
1976). 

330.  The  success  of  the  bluntnose  minnow  (Pimephales  notatus )  in 
I'cild  tailwaters  is  varied.  It  is  found  in  the  cold  Barren  Reservoir 
tailwater,  Kentucky  (J.  P.  Carter  1968a)  and  is  common  in  the  drainage 
■'f  Big  Vlalnut  Creek,  Ohio,  including  Hoover  Dam  tailwater  (Cavender 
and  Ci’unkilton  197^0  •  The  bluntnose  minnow  has  disappeared  from  the 
Gran<i  River  below  fliand  Dam,  Ontario,  presumably  because  of  lack  of 
GT'awning  caused  by  temperature  reductions,  since  the  species  is  com¬ 
monly  found  in  the  drairiage  ribove  the  reservoir  (Spence  and  Hynes 
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. 'hi  liC'^'s 

A. '9.  liabi  ‘i.a.l, .  ohinerr  (Notropi.r )  arc  Ihc  mor.l  abundant  rpecies 
within  t.lie  Cyprinidric.  They  are  a  divitri'e  ptMup  and  'he  various 
st'ecier,  have  a  wide  variety  of  habitat  preferences.  Many  are  found 
otii.v  in  lakes,,  ponds,  or  backwaters,  witli  little  current,  aiul  others 
I'irrely  in  small  headwater  st.reams.  Reiat.ivety  few  sliiner  s]iecies  are 
found  in  ts’lwaters.  ohiners.  in  tailwat.ers  prefer'  moderate  ti'  larpe- 
.linoii  st.r'e.'ims  with  relatively 


clear’  water  thr'<uirht''ut  mo.st  of  year'. 
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•tfb.  Ape  and  provt  li.  Avefipo  leupth  ot'  adult,  shiners  is  variable 
by  srecios.  Aiiults  of  .’ome  .aiecier  r.anre  bet.we,'n  l;h  ,a,nd  tdf  mm  loup  and 
reai'h  a.  fia.xinuiTi  letipt.ii  of  7^1  mm;  aiiijts  of  other  species  ranro  between 
T'i  atiii  Ltd  iiir  ’.onp  ariii  re.ach  .a  rnaximutti  lenpth  o!'  ITd  nun.  Males  are 
the  harper  in  some  r.n<’cii's,  and  females  in  others.  .Most  sliiners  mat.ure 
in  their  seciuiii  i>r  thir'l  luimmer;  few  live  bovr'n'i  a/te  TTI. 
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Sliinerr,  in  tailwaters 


3?9.  The  shiners  are  a  varied  taxonomic  group  with  many  species. 
The  majority  discussed  in  this  section  are  members  of  the  genus 
Mot.ropis ;  htjwever ,  two  shiners  from  the  genera  Notemigonus  and 
Richai'dsonius  are  also  included. 

330.  The  rosyface  shiner  (iiotropis  rubellus)  appears  to  thrive  in 
cold  tailwaters.  It  is  abundant  in  Bull  Shoals  tailwatcr,  Arkansas 
(Brown  et  al .  1968;  Hoffman  and  Kilainbi  1970),  and  is  favored  in  the 
tail  water  environment  below  Hoover  Reservoir,  Ohio,  by  both  the  reduced 
tem;)eratui’e  and  the  abundance  of  well-devel.ipi'd  riffles  (Cavender  and 
Crunkilton  19TM  •  This  si'ecies,  toget.her  with  the  blackchin  shiner 
(llotropi s  heterodon)  and  redfin  shiner  (Notropls  umbratilis),  has  dis- 
af^pea>’od  iti  1  warm  tailwaters  below  four  hydropower  facilities  on 
the  An  0at)Je  Rive?-,  Michigan  (Richards  1976). 

'■I.  The  mimic  sliincr  (Motropis  volucellus)  has  become  a  common 
.'pi  oicc.  ia.Oew  t,h(  s;uie  four  hydropower  impoundments  on  the  Au  Sable 
Rive;-  ( y\'i ctiards  1976).  This  shiner  has  disappeared  from  the  cold 
''•niy 'ti  Dam  tailwatcr  in  Texas,  although  it  is  common  in  the  river  above 
t.lic  reservoir  (Edwards  1978). 

The  2-edside  shinci'  (Richard.r mi  us  balteatus)  does  well  in 
bi  th.  warm  and  cold  tailwaters.  11,  thrives  in  writer  temperatures  up  to 
.'o.  wiiich  occur  in  tailwaters  below  dams  <,>n  the  Row  River,  Long  Tom 

Ri'.mr,  and  Coast  Fork  VJillamette  River  in  Oregon  (Hutchison  et  al . 

'/R'6)  .  It.  Is  abundant  in  the  cold  tailwaters  bel('W  Owyhee  Reservoir 
and  Antelope'  Roservi'ir,  Oregon  (Fortune  ami  Thomps.on  1969).  It  also 
appears  t'  be  maintaining  its  abundance  in  the  cold  Rontenelle 
f,a  i  Iw.at.er ,  Wyomittg  (Mullan  et  al .  1976). 

133.  The  fi.'d  shiner-  (iJotropis  ]  ut.ren;-,I s )  is  fc'und  in  both  warm 
and  coTi  laiiwat.ers.  Tt  is  the  most  abundant  species  in  Lake  Carl 
Rl'ickweli  tailwatci',  Oklahoma  (Ci-oss  19'30).  Below  Canyon  Dam,  Texas, 
i'  is.  tile  t  Iri  }-d  most  abundant  species.  Edwards  (1978)  believes  that 
st.'di  i  !  i  ■.'.a  1  i 'Ui  cf  wat'-r  flows  below  this  dam  has  increased  red  shiner 
■jbuiidanc-  ■ . 
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33*+.  The  golden  shiner  (Notemigonus  crysoleucas )  and  the  spottail 
shiner  (Notropis  hudsonius )  are  numerous  in  warm  Holyoke  Dam  tailwater, 
Massachusetts  (Jefferies  197*+).  In  cold  tailwaters,  the  golden  shiner 
is  found  primarily  due  to  its  introduction  as  a  bait  fish.  It  is  found 
in  Dale  Hollow  tailwater,  Tennessee,  and  appears  to  have  moved  from  the 
reservoirs  into  both  Hoovei-  tailwater,  Ohio,  and  Canyon  Dam  tailwater, 
Texas  (Cavender  and  Crunkilton  197*+;  Bauer  1976;  Edwards  1978). 

335.  Large  numbers  of  young  emerald  shiners  ( Wotropi s 
atherinoi des ) — up  to  800,000  in  2*+  hours — were  lost  in  the  discharge 
from  Lewis  atid  Clark  Lake,  South  Dakota  (Walburg  1971),  In  the 
tailwater,  this  species  is  widely  used  as  forage  by  game  fish  (Walburg 
et  al .  1971).  This  species  composed  l6  percent  of  the  fish  taken  in 
Buckhorn  tailwater  and  was  also  taken  from  Barren  Reservoir  tailwater, 
Kentucky,  In  an  electrcfishing  survey  (Henley  1967;  J.  P.  Carter  1968a). 

336.  The  success  of  the  spotfin  shiner  (Hotropis  spilopterus)  in 
cold  tailwaters  is  varied.  It  occurs  commonly  in  both  Hoover  tailwater, 
Ohio,  and  Barren  Reservoir  tailwater,  Kentucky  (j.  P.  Carter  1968a; 
Cavender  and  Ct-unki  Iton  197*0.  This  shiner  has  disappeared  below  Shand 
Dam  in  Ontario  due  to  a  delay  in  spawning  caused  by  cold  water  temper¬ 
atures  (Spence  and  Hynes  1971b). 

337.  A  large  nimiber  of  other  shiner  species  occur  in  cold 

tai  lw.'i.ters .  The  duskystripe  shiner  (Notropis  pilsbryi)  is  the  most 
abund’int.  cynrinid  in  Norfork  tailwater,  Arkansas.  This  species,  along 
with  ‘ho  bigeye  shiner  (Notropis  boops)  and  the  whitetail  shiner 
(Nc  Jl  ri  'll  I gal  ac  tur+is ) ,  is  .•ibundant  in  Bull  Shoals  tailwater,  Arkansas 
(Brown  et  nl.  I96S;  lioffman  and  Kilambi  1970).  In  Hoover  tailwater, 
Ohio,  the  stripi?!  shiner  (Notropis  chrysocephalus )  is  abundant,  while 
a  species  not  found  upstream,  the  sand  shiner  (Notropis  stramineus), 
is  common.  Two  other  species,  the  rosefin  shiner  (Notropis  ardens ) 
and  the  silver  shiner  (Notropis  photogenis),  are  rare  in  Hoover 
tailwater,  although  they  are  common  in  the  headwater  streams  above 
the  reservoir  (Cavender  and  Crunkilton  197*+).  The  silver  shiner  was 
also  found  in  electroshocking  samples  in  Barren  Reservoir  bailwater, 
and  the  common  shiner  ( Notropis  cornutus )  wan  taken  from  both  Barren 
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third  Giunmer.  Maiea  grow  more  rapidly  than  females  and  attain  a  much 
larger  size. 

Stonerollei's  in  tailwaters 

3*^2.  The  ntoneroller  is  reported  in  a  number  of  cold  tailwaters. 
It,  was  the  most  abundant  sx'ecies  collected  in  Beaver  tailwater, 
Ai’kati-sas.  It  is  also  commonly  found  in  the  tailwaters  of  Bull  Shoals 
Reservoir  and  Norfork  Reservoir  in  Arkansas  (Brown  et  al .  1968;  Bacon 
et  al .  1969;  Hoffman  and  Kil<imbi  1970).  The  stoneroller  is  abundant  in 
Apal.'iohia  tailv,ater,  Tennessee  (Hill  1978),  and  is  also  found  in  other 
tailwaters  of  the  Tennessee  Valley  system,  where  it  is  used  as  forage 
by  g;iine  fish  (Pfitzer  I962).  Stonerollers  were  '’’.so  taken  in  electro- 
fishing  samples  from  Nolin  tai-)water,  Kentucky  (J.  P.  Carter  1968a). 

Tlie  shallow  gravel-bedrock  substrate  and  1^4. it  to  21.7°C  temperatures 
have  favored  the  stc-'iieroller  in  Hoover  tailwater,  Ohio.  Large  numbers 
of  stoneroller.s  spawn  in  the  shallow  riffles  below  the  dam  and  both 
adults  and  young  ai-e  found  in  this  tailwater  tliroughout  the  year 
(C,avender  and  Crunkilton  197^*). 

Daces  in  tailwaters 

3)43.  Members  of  seven  genera  of  cyprinids  are  referred  to  by  the 
common  name  "dace."  Only  two  genera,  Phoxinus  and  Rhinichthys ,  com¬ 
prising  four  Bt)ecies,  have  been  reported  in  tailwaters. 

The  speckled  dace  (Rhinichthys  osculus)  appears  to  do  well 
in  some  western  coldwatci’  t;ii  Iwi  tei's .  It  is  abundant  below  Owyhee  Dam 
.■ind  Antelope  Reservoir,  Oregon  (Fortune  and  Thompson  1969).  This 
species  has  survived  below  Fd.ii''  Mesa  Dam,  Colorado,  and  has  increased 
in  FcsnteiK'l  Ic  tailw.-iter,  Wyoming  (Kinnear  1967;  Mullan  et  al .  1976). 

?’i5.  The  longnose  d-acf'  (Rhiniciithys  cataractae)  has  survived  in 
some  cold  tailwaters.  It  is  commonly  found  below  Owyhee  D.'un  and  has 
survived  bi''le.w  Granby  D;ua,  Colorado  (Wf^ber  19^9;  Fortune  and  Thompson 
1909)  •  It  Iras  d  i  sapxie.a.red  fr'^m  the  warm  tailwaters  below  four  small 
hydropower  <l.ams  on  Michigan's  Au  Gable  River  (Richariis  1976). 

3^16.  Two  oilier  species  of  liace  have  been  reported  from  cold 
tailwaters.  The  southern  redbelly  dace  ( Phoxinus  erythrogaster )  occurs 
iti  polls  below  Norfork  Dam,  Arkansas  (Brown  et  n,l .  I968),  and  the 


blacknose  dace  ( Rhinl clithys  atratulus )  in  the  headwater  streams  of  Big 
Walnut  Creek,  Ohio,  and  occasionally  downstream  in  the  Hoover  Dam 
Lailwater  (Cavender  and  Crunkilton  197^0. 

Gquawf  i  r.'nes  rind  chi  selmouths  in  tailwaters 

Cquawfislies  and  chiselmouths  are  found  only  in  wect.ei’n  Worth 
i\’’.t'rica.  The  norti-.ern  squawfish  thrives  in  the  warm  (up  to  ?6.7”C) 
t  :ii  Iw.'it  ers  below  Cottage  Grove  Reservoir,  Dorena  Re:;orvoir,  and  Foa-n 
Ridge  Rer.ervoir,  Oregon  (Hutchison  et  al .  19f^>6).  This  oiiecieo  also 
appears,  to  lio  well  in  most  cold  tailwaters.  It,  toget’aer  with  the 
chi  selmouth ,  is,  abun-.iant  below  b.jth  0w;shee  Dam  and  Antelope  Reservoir 
in  Oregvin  (Fortune  rmii  Tiiomrsor.  i9o<i').  B-stti  the  tucf*' hern  squawfish 
anil  ttie  ciri  selmouth  are  ccmmotily  creeled  : a  sa-rit/s  r-f  t.ailwaiers  on 
the  Fnake  River,  Idalio,  incluuii'.g  Urp'T  .’aiisoii  ''a  1  ’  s ,  i.s'wor  Calmon 
Fa.lls,  Blis.s,,  ami  C.  J.  I’trike  (Trviri,'"  a:. a  C'uii’i  i'^'*  ).  A  icci'ease  i:; 
teriperature  and  a  resul  *■  •.■n e-  ti  '■'-Ws.'s-k  did  ay  i  r;  s:awni;;g  is  be!  ieved 
resp,  irisihle  it-r  a  taaim-;  i  ■  a,  in  i'*  ia-rn  squaw:'!sh  ismbtea'  in  a  Montana 
tailwiiter  (M.ay  ar,  i  i!us‘,  n  l'"',’^). 

.■7.-U  Tlie  Col, spiawfish  araea'-s  '  ■  Isiv:  la.-  t.  al'l'e’-*.,;  more 
than  trie  north-sr!:  squawf  i  sh  by  ;a>::  tist  rue  t  i i, .  Ti:e  Cdor-ads'  sruawfish 

!i;is  i  i  saiqieari’d  frs.m  a  coli  m.i!water  in  Wyoming  (Mullan  f  a!  .  !  976 ) 
an,i  it  it;  no  1  'nger’  fyitd  in  a  iO'-P;,.  s;  a-em-p  ,  p  ;  p,,  dyme:.  Rive;'  in 
i.'tai!  ■lud  Cci.'fsio  (V-uiicek  e!  -il  .  19VC).  Tem[er-o.  ure  >'i-.Juc‘  i  ons  a;id 

alt  eras  i  (ins  it,  tiorm-il  f;,-ws  ruy  have  e  i  i  ;';i  mit  eo  i*  .  it  still  susviv('S 
:’urther  ,iow:.s '  re-ijn  ,  but  ’in-  ■;  1  *  ey-g  i  ,  c"  mriS'Uial  tort!  e'‘''g.u;'e  rat  t.ei’ns 
s.ince  in;  ou:,  imerit  ins.  iiicisj  i‘s  .•■••-■w:;  s-:'e  (Vanu'ck  and  Kr-ir.or 
19f9).  Ctiawninr  :  (-s-i  •  i  .ns  ot’  squawi'is.li  in  the  Gunnison  i'ivc;’ 

in  Coloyaiio  liT/e  Vv-!.  risi'uMei  hy  l.strere,!  t  ernporatnres  'ind  reduceu 
s.pring  ,'ind  suntme;-  ’'o-ws  {Wiltr.ius  luy'-). 

Cvtisinids  in  Kuss.ian  ’.-i  i  iwat  ers, 

tk9.  Da.m  n 'mo  suet,  i  on  and  ■operation  in  the  rovie*  Union  have 
aft'cetfri  mar.y  s.pecies  of  cyprinids.  liisl.c.r  i  ca  1  ly ,  th('  bream  was  the 
T  re  iomi  rnrC,  s,;(a'ies  ef  cytrinid  in  the  Vtslga  River  in  tile  vicinity  of 
‘lie  haibysiiev  Reservoir  hydroi-ower  d.-un  (Dins.hikov  1 96']  )  .  Shortly  after 
dan;  ciosur>',  'lie  brf.'.'iri,  ‘.(  gether  with  the  bl  e.ak  ,  white  bream,  ,and  roach 


(all  cyprinids),  were  still  numerous  in  the  tailwater.  However,  un¬ 
favorable  reproductive  conditions  in  the  tailwater  caused  by  water 
temperature  reductions,  large  diurnal  water-level  fluctuations,  and  a 
severe  deci ine  in  spring  flood  flows,  soon  resulted  in  a  decrease  in 
abundance  of  all  cyprinids  (Sharonov  1963;  Chikova  I968).  Ide  eggs, 
laid  in  the  shallows,  were  lost  through  desiccation  due  to  fluctuation 
in  reservoir  releases.  Reduced  temperatures  in  the  tailwater  delayed 
the  spawning  of  bream,  white  bream,  and  zope .  Between  2^4  and  50  percent 
of  the  females  of  these  three  species  were  found  to  be  resorbing  eggs 
in  1963  and  I96I4  (Eliseev  and  Chikova  I968). 

350.  Decreased  spring  flood  flows  below  the  Volgograd  hydroelec¬ 
tric  facility  have  disrupted  spawning  conditions  hundreds  of  kilometres 
downstream  in  the  Volga  Delta  on  the  Caspian  Sea.  Sj-iri  ng  spawning 
bream  and  carp  have  declined  in  abundance.  However,  the  stabilization 
of  flows  throughout  the  year  below  this  dam  have  improved  the  repro¬ 
ductive  success  of  the  summer  spawning  white  bream  (Orlova  and  Fopova 

1976). 

351.  A  reduction  in  mean  water  temperature  of  )*  to  5°C  has 
affected  many  cyprinid  species  in  the  tailwater  below  Mingeshaur 
Hydroelectric  Dam  on  the  Kura  River.  Combined  fyke  not  catches  of 
gudgeon,  bleak,  podust,  khramulya,  and  barbel  (all  cyprinids)  have 
declined  from  73  percent  before  impoundment  to  only  iiO  percent  after 
impoundment.  In  fact,  the  barbel  and  the  bystryanka,  have  completely 
disappeared.  Thirty  percent  of  the  catch  is  now  composed  of  vobla, 
bream,  and  carp  which  iiave  moved  downstream  into  the  tailwater  from 
the  reservoir  above.  The  altered  temperature  regime  has  also  shifted 
the  spawning  activity  of  the  shemia  from  early  summer  to  autumn.  This 
shift  in  activity  has  not  affected  spawning  success,  however;  large 
numbers  of  shemia  larvae  end  fry  are  still  found  in  the  tailwater 
(Abdurakhmanov  1958). 

352.  Reproduction  of  some  cyprinid  species  has  been  disrupted  by 
the  large  flow  fluctuations  occurring  below  Narvskaya  Hydroelectric  Dam 
on  the  Marova  River .  The  spawn] ng  areas  of  the  vimba  have  been  severely 
altered  because  of  flow  fluctuations,  while  the  fry  and  eggs  of  the 
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golden  shiner  (European)  have  been  destroyed  thi-ough  the  dewatering  of 
large  sections  of  river  bottom.  Consequently,  the  nmbers  of  both 
species  have  declined  (Barannikova  I962). 


Catostomidae  (Suckers) 


353.  The  sucker  family  is  largely  restricted  to  North  America. 
Suckers  are  one  of  the  dominant  groups  of  large  fishes  in  fresh  water, 
and  in  streams  their  total  weight  often  exceeds  that  of  all  other  fishes 
combined.  In  number  of  species  and  individuals,  they  rank  second  only 
to  the  Cyprinidae.  Each  group  of  suckers  has  specific  habitat  prefer¬ 
ences,  and  most  are  bottom  dwellers  with  similar  but  not  identical 
diets.  All  feed  to  some  extent  on  larval  and  adult  aquatic  insects, 
small  mollusks ,  small  crustaceans,  worms,  and  algae.  All  suckers  spawn 
in  spring  and  none  build  a  nest;  eggs  are  scattered  in  suitable  habitat 
and  abandoned.  Preferred  habitat  of  the  various  species  ranges  from 
high,  cold  mountain  lakes  and  swift  mountain  streams  to  warm,  quiet 
ponds  anti  lakes. 

35^'.  Most  suckers  are  captured  during  sprinp:  spawning  runs  by  use 
of  gigs  and  snags;  few  are  captured  by  hook  and  line.  Large  numbers  of 
some  species  are  taken  by  commercial  fishermen.  The  flesh  of  suckers 
has  good  flavor,  but  numerous  small  bones  detract  from  its  value  as 
food.  Small  suckers  are  an  important  source  of  forage  for  game  fishes. 

355.  Those  catostomids  that  commonly  occur  in  tailwaters  will  be 
discussed  under  thi-ee  groups — buffaloes,  suckers,  and  redhorse. 

Buffaloes 

356.  habitat .  The  three  buffalr  species,  bigmouth,  smallmouth, 
and  black,  have  similar  habitat  requirements.  They  occur  primarily  in 
the  deeficT-  pools  of  large  streams,  natural  lowland  lakes,  and  man-made 
impoundments.  Buffaloes  sometimes  enter  small  streams  to  spawn,  and 
the  young  may  remain  here  during  their  first  summer  of  life.  Their 
distributional  relation  suggests  that  the  bigmouth  buffalo  is  more 
tolerant  of  iiigii  turbidity  than  the  other  two,  and  that  the  black 
buffalo  occurs  most  oft.en  in  strong  currents. 
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357.  Reproduction.  The  spawning  habits  of  buffaloes  are  not  well 
known,  iiuffaloes  have  been  observed  spawning  in  shallow-water  areas 

of  rivers  and  reservoirs  with  a  water  temperature  range  of  15.6  to 
18.3°C,  between  April  and  June.  Tiie  adhesive  eggs  are  broadcast  into 
tiio  water,  where  they  settle  and  adiiere  to  the  substrate — e.g.,  i-ocks 
and  flooded  vegetation.  Spawning  occurs  in  water  so  shallow  that  the 
backs  of  fisii  are  often  exposed.  Tiie  eggs  hatch  in  9  to  iO  days  at  a 
water  temperature  of  about  ]b.7°C. 

358.  Food.  Stud.-es  by  McComish  (196?)  and  others  revealed  that 
all  ages  of  bigmouth  buffalo  feed  principally  on  sooplankton.  The 
large,  terminal  mout.h  and  numerous  slender  gill  inkers  are  efficient 
devices  for  straining  zoopi ankton  from  the  water. 

3'iO.  Zooplankton  atui  attacticd  algae  were  the  principal  foods 
found  in  smallmouth  bufl’aio  stomachs  (McComisli  I967).  This  species  is 
primarily  a  bottom  feeder,  as  indicate  i  by  the  high  frequency  of  insect 
larvae,  attached  algae,  and  assoc iatetl  detritus  and  sand  in  the  stom¬ 
achs.  The  diet  of  the  black  buffalo  is  assumed  to  be  similar  to  that 
of  the  sn, allmouth  buffalo. 

360.  Ago  and  growth .  Tiie  bigmoutli  is  the  largest  buffalo  species. 
Aduits  are  conmionly  380  to  690  mm  long  and  weigh  0.9  to  6.3  kg. 

Weiglits  of  13.6  kg  are  not  uncommon.  Smallmouth  and  black  buffaloes 
are  somewliat  smaller  than  the  bigmouth. 

it] .  Buffaloes  are  long-lived,  many  living  more  than  10  years. 
Females  grow  larger  than  males.  According  to  S)choffman  (l9^-'3)  the 
average  lengLhs  and  weights  reached  by  the  bigmouth  buffalo  in  Reelfoot 
Lake,  Tenner, see,  thi'ough  the  first  eight  summers  of  life  were  as 
f,  ii  lows  : 
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Age  in  siumei'c  Length,  mm  Weight,  kg 


0 

335 

0.7 

3 

386 

1.0 

h 

h2h 

1.1 
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U55 

l.U 

6 

528 

2. it 

7 

597 

3.>‘ 

8 

668 

6,2 

362.  Growt.h  in  weight  incro.-ises  progressively  during  the  first 
eigiit  summers,  indicating  that  fish  in  their  eighth  summer  are  still  in 
a  fast-growing  period  of  life. 

Buffaloes  in  tallvaters 

363.  Buffaloes  inhabit  primarily  lakes  or  large  rivers  and  gen¬ 
erally  are  not,  important  in  tailwaters.  In  most  instances  where 
buffaloes  are  fcuind  in  tailwaters,  they  have  migrated  into  the  area 
from  the  downstream  reservoii’  oi‘  river. 

36)1.  Smallmouth  and  bi^'inouth  buffaloes  are  common  summer  inhabi¬ 
tants  of  Lewis  and  Clark  Lake  tai Iwatcrs  in  South  Dakota  and  Nebraska. 
Fir.h  ci.^llected  in  Jtine  had  already  spawned,  and  it  was  assumed  that 
■^heir  presence  in  the  tailwater  was  relat.ed  to  feeding  activity 
(Walburg  et  al .  1971).  Tiie  increase  of  smal  linouth  buffaloes  in  Dale 
iiollow  tailwater,  Tennessee,  was  ai  ti-ibuted  t.o  tlici  r  migration  upstream 
from  Cordell  Hull  Re.servoir  (Bauer  1976).  Buffaloes  are  important  in 
the  smaller  Rough  River  tailwater  in  Ktuil  ucky  where  they  made  up  9-3 
percent  of  the  fish  catch  by  weight  (Henley  1967).  This  tailwater 
differs.  f!-om  most  bec.ausc  it.  is.  essentially  a  long  pool  created  by  a 
mill  dan  9-7  km  downstre.-un .  These  pondlike  conditions  closely  dupli- 
c'll.e  the  preferred  lentic  habit, at  of  the  buffaloes. 

36';.  The  sdi.allow,  fast,  water  in  most  tailwaters,  coupled  with  a 
lack  of  recruitment,  severely  curtai.iG  or  eliminates  buff.alo  popula¬ 
tions  in  mos‘  t.ai  1  waters.  lilack  buffaloes  were  important  in  an 
Oklahoma  t.-iilwater  shortly  aft.er  impoundment  but  were  unable  to  sustain 


themselves.  This  was  reflected  by  the  rapid  decline  from  15  to  6  per¬ 
cent  of  total  catch  within  T  years  (Hall  19^9;  Hall  and  Latta  195l). 

366.  The  food  of  buffaloes  in  tail waters  has  not  been  studied 
extensively.  Walburg  et  al .  (l9Tl)  found  that  bigmouth  buffaloes  from 
Lewis  and  Clark  Lake  tailwater  fed  almost  exclusively  on  zooplankton  in 
tlie  reservoir  discharge,  and  smallmouth  buffaloes  fed  on  both  zooplank¬ 
ton  in  the  dischai'ge  and  on  attached  algae  and  bryozoans  found  in  the 
tai  Iwatei' . 

Luc  ker  s 

3(7.  A  number  of  sucker  species  occur  in  tailwaters.  Most  com- 
monJy  mentioned  in  the  literature  are  the  northern  hog  sucker,  spotted 
sucker,  river  eai'psucker,  quillback  carpsucker,  white  sucker,  longnose 
sucker,  flannelmouth  sucker,  bluehead  sucker,  and  largescale  sucker. 

The  first  four  species  are  generally  easte?-n  oj’  mldwestern  United 
States  in  distribution,  and  the  last  fovir  are  extreme  northern  or 
western.  The  white  sucker  is  more  widely  distributed,  except  in  the 
West  and  South.  Description  of  life  histoj’y  will  be  limited  to  the 
northern  liog  sucker,  spotted  sucker,  river  and  quillback  carpsuckers, 
white  sucker,  longnose  sucker,  and  lai-gescale  sucker.  Description  of 
tailwater  distribution  in<^lude^.  all  nine  of  the  suckers  mentioned 
above  plus  several  other  less  common  species. 

368.  Habitat .  The  northern  hog  sucker  is  an  inhabitant  of 
moderate-s i seii  streams  that  have  clean  gravel  or  rock  bottoms  and 
permanent  flow.  It  is  usually  found  on  the  stream  bottom  in  riffles 
or  in  pools  with  notic.-eable  current.  The  heavy  bony  head,  slender 
taperin/';  body,  enlarged  pectoi’al  fins,  and  reduced  swim  bladder  permit 
it  to  maintain  a  position  in  swift  currents  with  little  effort.  The 
northern  hog  sucker  is  nearly  invisible  on  the  stream  bottom  because 
of  its  strf)ngly  mottled  a  :  barred  coloration. 

369.  The  spotted  sucker  lives  in  lakes,  overflow  ponds,  sloughs, 
oxbows,  and  c 1  t?an  sluggish  streams  with  sandy,  gravelly,  or  hard  clay 
bottoms  without  silt.  It  seems  intolerant  to  turbidity,  pollutants, 
and  clay-si  li-  bottoms. 


3T0.  Carp;'uckers  are  common  in  large  rivers,  where  they  prefer 
deep,  quiet  pools  rind  backwaters  with  moderate  or  low  gradients.  The 
river  cai'psuckei'  prefers  turbid  waters  with  soft  bottoms,  while  the 
closely  related  quillback  is  found  in  clearer  waters  with  firm  bottoms. 

371.  White  sucker  habitat  is  extremely  varied,  since  the  species 
oeeui-s  in  botli  lakes  and  streams  with  low  and  high  temperatures,  low 
and  high  turbidities,  and  fast  and  slow  cui'rents.  The  white  sucker  has 
found  man-made  impoundments  suitable,  and  has  become  abundant  in  some. 
This  species  is  especially  characteristic  of  headwater  streams. 

372.  The  longnose  sucker  occurs  in  the  cold,  clear  water  of  both 
lakes  and  streams.  Its  occurrence  in  sti-eams  is  usually  related  to 
spawning  activity. 

373.  Largesealo  suckers  live  in  lakes  and  in  large  rivers.  They 
are  often  numerous  in  the  weedy  shoreward  areas  of  lakes,  in  backwaters, 
■mi  in  stream  mouths.  This  species  and  the  longnose  sucker  are  often 

f  un  i  t  ogether  in  the  same  genei’al  habitat. 

'•"7’‘.  Reproduction.  The  northern  hog  sucker  spawns  during  spring 
ri'  ar  ‘he  heads  of  gravelly  riffles  in  water  8  to  13  cm  deep,  when  water 
‘  e(r:p' ure  reaei.er,  I5.6°C.  Each  female  is  attended  by  one  or  more 
mriles.  Tlv'  dericrs,:!. i  ,  nonadhesive  eggs  are  depo.sitod  in  a  depresr.ion 
on  the  sd  rorim  bi'ttow  and  abandoned. 

•’T'o  The  spotted  sucker  spawns  on  riffles  above  large  pools  during 
the  sqa-ing  wh.eti  water  temperature  ranges  between  15  and  l8°C.  The  eggs 
hat, eh  In  7  to  Is  i‘iyr.,  depending  on  temperature. 

C.-irpsiu-kers  are  shallow-water,  random  spawners .  They  spawn 
:!i  the  spring  when  water  t.empcratures  reach  about  21°C.  Eggs  are 
dispersed  int.'>  t.hc  writer  column  wliere  they  eventually  settle  to  the 
strerun  bottom  and  adhere  to  the  substrate. 

•’77.  White  suckers,  spawn  in  the  early  Sirring.  Adults  usually 
migrate  f'rnin  lakes,  into  gravelly  streams  when  stream  temperatures  reach 
lO^g,  but.  they  are  als,o  known  to  spawn  on  lake  margins,  or  quiet  areas 
in  tho  months  <)f  blocked  .streams  and  in  tailwaters.  Spawning  sites  are 
MS.ual  ly  in  shallow  wal.cr  wif.h  a  gravel  bottom,  but  they  may  also  spawn 
it.  rapids.  No  ticst  is  built;  eggs  .are  scattered  and  adhere  to  the 
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gravel  or  drift  downstream  and  adhere  to  substrate  in  quieter  areas. 

Eggs  hatch  in  about  2  weeks,  depending  on  temperature,  and  the  young 
remain  near  the  hatching  site  for  about  2  weeks  before  moving  to  quiet 
areas  along  the  sti-eam  bank  or  in  a  downstream  lake.  At  this  time, 
they  are  12  to  IT  mm  long. 

378.  Longnose  suckers  spawn  in  the  early  spring  in  streams  where 
available,  but  otlierwise  in  shallow  areas  of  lakes.  They  enter  spawn¬ 
ing  streams  as  soon  as  the  water  temperature  exceeds  5°C.  The  spawning 
run  for  this  species  reaches  a  peak  several  days  before  the  run  of 
white  suckers  into  tlie  same  stream.  Spaiming  often  takes  place  in 
stream  water  15.2  to  27.9  cm  deep,  with  a  current  of  30  to  ^45  cm/sec, 
and  a  bottom  of  gravel  5  to  10  cm  in  diameter.  Ho  nest  is  built;  the 
adhesive,  demersal  eggs  are  laid  in  small  numbers  and  adhere  to  the 
gravel  and  .substrate.  Hatching  and  emei’gence  of  fry  is  similar  to  that 
rep-^rtod  for  the  white  sucker. 

379.  Large rea  1  e  suckers  sp.awn  in  spring,  usually  in  deeper  sandy 

areas  .'-f  where  current  is  strong,  but  sometimes  on  gravelly  or 

sa.ndy  r.ha-ii;-,  it,  lakes.  They  enter  spawning  streams  when  water  tomper- 
at.ure  i  r.  7.8  '  >.i  Mjt.i  r.r.awn  a  week  or  more  later  than  the  white 

sucke'r,  in  tli-'  .;.-imc  st.re.-un.s .  ^pawning  activity  and  hatching  and  emer¬ 
gence  of  fry  is  simil.ar  to  t.hat  rei'orted  for  white  suckers. 

380.  Food ■  The  no  rtlici-n  hog  sucker  is  an  active  feeder,  over¬ 
turning  rocks  and  ntirririg  uii  the  bottom  as  it  I’orages  for  immature 
aquatic  insects  and  otiier  bottom  life  with  its  fleshy,  sucking  lips. 

381.  The  fo"d  of  tne  spotted  sucker  is  said  to  consist  mostly  of 
mollusks  and  insect  larvae. 

382.  Carpsuckers  brows-e  extensively  on  attached  filamentous  algae. 

Other  diet  items  include  aquatic  insects,  worms,  and  mollusks. 

l8-;.  White  suckers  have  father  generalized  food  habits  but  subsist 
mostly  on  immature  aquat.ic  insects. 

,  q’hc  diet  of  I'jngnose  .suckers  consists  almost  entirely  of 
i!gae>,  a'hi  fi'inomi  d  larvae,  amphipods,  and  other  bottom  organisms.  Food 
of  young  f i  sli  includes  immature  .aquatic  insects,  copepods,  clcodocerans  , 
an'i  ajgae. 
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385.  The  (tie!  of'  the  largescale  .suekec  conr.ists  almost  entirely 
of  bi'ttom  organisms  such  as  aquatic  insects,  crustaceans,  snails,  and 
a]  gac . 

386.  Age  anci  grovrth.  According  to  Pflieger  (1975),  northern  hog 
suckers  in  Missouri  Gtre;uii;'  ta'ach  a  length  of  about  85  mm  by  tlie  end  of 
their  first  year  of  life  and  average  I65,  2)»6,  300,  and  ^30  mm  in  their 
second  thro^igh  fiftii  years.  Females  grow  more  rapidly  than  males  after 
the  fifth  year  and  attain  a  larger  maximum  size.  Males  mc.ture  at  age 
II  and  females  at  age  ITT. 

387.  In  Oklahoma,  the  spotted  sucker  attains  a  length  of  about 
155  mm  in  its  first  y'^ec.r  and  aver.'vge.;  .’’87,  338,  ^09,  and  )-i39  mm  at  the 
end  of  succeeding  y'ears.  Maturity  is  readied  at  3  years  of  age,  and 
the  maximum  life  span  is  about  5  .years  (Jackson  1957). 

388.  According  to  Pfliege:'  (1975),  river  cariisuckers  in  Missouri 
average  8l  mm  in  length  by  the  end  o*'  their  firsf  year  of  life  and  165, 
0P9,  312,  and  3^8  mm  in  succeeding  years.  Maximum  life  span  is  at 
least  10  years.  Average  annual  growth  of  the  quillback  carpsucker  is 
slightly  greater  than  t.hat  of  the  river  carpsucker. 

389.  In  Missouri,  the  white  sucki'r  averages  07  mm  in  length  by 

the  end  of  its  first  year  of  life  and  173,  229,  and  P^'i  mm  in  succeeding 
ya^ars.  ’laximum  length  is  about  S08  nuri.  Fish  mat. use  when  3  or  years 
old;  males  mature  a  year  earlier  than  females. 

390.  According,  t(i  Brown  (1971 ),  longnos.o  s.uckors  in  Montana 
average  7(’  mm  by  the  end  of  tho  first  year  !'f  life  and  lliO,  2l6,  267, 
318,  nii'i  53.'  t’jn  ill  succeed  i  ng  ye.ars,.  Tin-  iargest.  individual  reported 
for  Montana  w.as,  'ai.t  mm  Icrig  anii  weigfio.j  F.."'  kg.  Firdi  mature  at  It  or  5 
years  c'f  age. 

191.  Orowt.ii  oi’  largcscale  suckers  is  generally  slow.  According 
to  Brown  (!97l),  gr'''Wi,ti  in  Mont, ana  averages  51  mm  by  t.he  end  of  the 
firs,t  year  -f  life  arri  .59,  i’tO,  190,  and  rm  in  .succeeding  years. 

.Bpec-imens  as  old  as,  11  yca;-s  have  been  ro .  "teii .  Tiii  s  sucker  matures 
when  5  or  5  ye.atat  old. 
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Sucker:;  in  tai  Ivatc'rs 

39’.  The  effects  of  taifwaters  on  suckers  have  been  varied,  de- 
pendin?';  on  the  type  of  tailwater  and  the  npecier,  of  sucker.  Taken  as 
a  froup,  suckers  conpose  a  sipnificant  sefpnent  of  the  fish  population 
in  many  tailwaters. 

393.  Thi.  northern  hop  sucker  is  abundant  in  many  eastern 
coldwater  tailwaters.  Pierce  (19^9)  found  no  chanpe  in  t,hp  numbers  of 
iiop  r.uckers  below  fuminersville  Pajn  in  West  Virpinia  following  closure, 
hog  suckers  have  remained  extremely  abuniiant  in  Chilhowee  tailwater, 
iiorris  tailwater,  and  Apalachia  tailwater  in  the  Tennessee  Valley, 
whert>  young  of  t.he  year  are  used  as  a  fooil  source  by  game  fish  (Pfitzer 
19b-’;  I'iL.ii  19TP).  The  lower  water  temperatures  ( .  ij-Pl .  1°C ) ,  slightly 
reduced  t\u'bi  (i  i  i  y ,  mixed  gT-avcl-bedrock  substrate,  and  higher  dissolved 
oxygon,  level  (always  >6.0  mg/l)  provide  optimal  conditions  for  pro- 
due  ;  ng  large  numbers  of  !iog  ;:uckers  below  Hoover  Dam,  Ohio  (Cavender 
and  Ciuinkilto!!  19T‘0.  Hog  stjckei’s  apparently  have  been  eliminated  from 
a  cold  tailwater  in  Arkansa.,:-.  They  were  n\unerous  here  in  1990  when  the 
project,  was  comi'lt'tiai  but  liau  disappeared  b.v  1999  (Baker  1959;  Brown 
19eT).  Peason;;  for  t.he  di cappeara.nce  were  not  specified. 

39'i  •  The  s:>o!. ted  suckcu'  is  a,l  so  common  in  some  eastern  tailwa-ters. 
Tt,  is  one  ■>!■  the  dominant  species  in  Dale  Hollow  tailwater,  Tennessee 
(Hauer  1976).  It,  is  also  f.'uiu!  in  moderate  abundance  in  the  cold 
tailwaters  .g’  ih'over  Reservoir,  Oliio,  and  Fast  L.ynn  Lake,  West  Virginia 
( CavemifU'  atnl  Crunk i  i  t.i a',  197’-;  Cn  odno  1975).  Occurrence  in  t.hose 
tailwat.c'rs  is  most,  likely  due  !<:■  transport  of  fish  over  the  dam  from 
the  reservoii’  above.  Cucoi.'c,sful  reproducl  i  on  of  spotted  suckers  occui’s 
■.’i- i  I’.a  r  i  1  ,v  i  !i  :ioovo-r  Res.-a-vc^ir.  Young  of  (he  .vea.r  escape  over  the  dam 
and  are  fiiund  thraiuph' lUt,  the  lenptli  of  lower  Big  VJalnut.  Ci-eek  (Cavender 
and  i"’runk  i  1  ti'u  197'‘).  Adult  spotted  sneia-rs  are  the  fifth  most  numerous 
species  lest  over  t.he  spi  llwa.v  of  I.it.t.le  Cri-assy  Lake  in  Illinois,  com- 
posinp  o  pt'fcf'nt  of  tota,l  fisli  numbers  (Louder  1996). 

■’.99.  The  river  cari'sueker  occurs  in  both,  cold  and  warm  tailwaters. 
It,  is  one  o‘‘  the  rn.a.jor  ri'maininp  nat.ive  s.pecies.  found  be.l  ow  Canyon 
Reservoir,  Tex'u;  (Wliitc  196d)  .  It  is  alsc'  abundant,  in  Lewis  and  Clark 


tailwaters  on  the  South  Dakota-Nebraska  border  (Walburg  1971).  The 
damming  of  Big  Walnut  Creek  has  altered  quillback  distribution  by 
blocking  upstream  migration  and  increasing  spring  concentrations  in  the 
tailwater  (Cavender  and  Crunkilton  197^). 

396.  Carpsuckers  ai'e  among  the  most  abundant  fishes  found  below 
dams  in  the  Rio  Grande,  New  Mexico.  They  remain  abundant  in  spite  of 
1,he  eli![iinat.ion  of  flows  following  the  irrigation  season,  which  reduces 
the  river  to  a  series  of  isolated  pools  (Huntington  and  Navarre  1957). 

397.  The  food  of  the  i-iver  carpsucker  in  Lewis  and  Clark  Lake 
t^iiiwater  consisted  primarily  of  zooplankton  and  algae  (Walburg  et  al. 

1971)  . 

398.  The  white  sucker  has  remained  dominant  in  tailwaters  below 
dams  on  many  rivers  where  it  was  abundant  before  impoundment.  The 
white  sucker  is  adaptable  to  conditions  in  cold  tailwaters  which  can 
closely  resemble  headwater  stream  habitats.  It  i.s  abundant  below  Hoover 
Dam  and  is  one  of  three  dominant  species  in  Rocky  Gorge  tailwater, 
Maryland  (Tsai  197?;  Cavender  and  Crunkilton  197^).  In  Twin  Valley 
Lake  tailwater,  Wisconsin,  the  carrying  capacity  of  the  white  sucker 
increasirl  threefold  in  the  3  years  following  impoundment  (Wirth  et  al. 
1970).  Even  witii  a,  rciiuction  of  flows  to  only  11  percent  of  the 
histo!’ie  average,  white  suckers  have  remained  numerous  in  cold  Granby 

;.•!  i  1  wo  ter  in  CoLu’.ado  (Weber  1959)-  They  are  also  abundant  in  the 
tailwater  bciow  Holyoke  Dam,  Massachusetf.s  (Jefferies  197M  . 

399.  On  somi’  rivers,  the  construction  of  reservoirs  has  allowed 

t  lie  white  sucker  to  inci-ease  in  numbers  or  become  dominant  in  drainages 
wiiere  it  war.  (ii'evi > nu’.ly  of  only  minor  importance.  Increased  abundance 
of  tit(^  wiii'f'  .sucker  in  Dale  Hollow  tailwaters,  Tennersee,  is  attributed 
t,o  the  deeper,  more  lentic  habitat  foiiud  in  the  lower  tailwater,  caused 
by  tiic  downrt!'eam  impoundment  of  Cordell  Hull  Reservoir  on  the 
Cumberland  River  (Bauer  1976). 

!h)0.  Tn  thr?  Taylor  and  Gunnison  rivers  in  Colorado,  the  reduction 
in  t,ctn[ierature  an(i  turbitiity  below  some  reservoirs  has  allowed  the 
wh  i '  sucker  to  o\it,compete  most  other  native  sucker  species,  e.g., 
f]  annel mouth  and  bluehead  suckers  (Mullan  et,  al .  1976;  Wiltzius  1978). 


The  white  sueker  is  apparently  able  to  reproduce  in  both  of  these  reser¬ 
voirs  aiui  tai Iwat.ors ,  which  accounts  for  its  dominance  over  the  native 
-uickcrs  in  the  Gunnison  River  drainage  (Wiltr.ius  1978).  Tailwater  con¬ 
ditions  apparently  aid  growl-h,  since  the  condition  factor  (weight  in 
reJation  to  length)  of  white  suckers  increased  in  Blue  Mesa  tailwater 
following  iinpoundrit^ni,  (Kinnear  196?) . 

)*0i.  Tlie  Inngtiose  F.ucker  has  become  abundant  in  the  tailwaters  of 
two  Colorado  d^uis,  and  it  ha:'  also  displaced  the  native  sucker  species 
(Mullan  et  al .  1976;  Wilt,zi\ia  1978).  The  reduced  temperatiire  and 
turbidity  in  these  tailwaters,  together  with  the  longnose  sucker's 
ability  to  reproduce  successfully,  may  give  this  species  a  competitive 
advantage. 

itOf.  r.ongnose  suckers  also  adapt  well  to  reductions  in  flow  below 
dan::.  They  have  survived  in  flows  :unounting  to  only  11  percent  of  the 
annual  'iverago  (Wober  19‘^9)  •  Additionally,  they  i-emain  in  two  Wyoming 
t  :i  i  Iwat.err. ,  in  spite  of  a  seasonal  reduction  of  distjharge  from  21; .  5  to 
O.Ot  r:)''/sec  and  8.8  to  0.01  m  /sec,  respectively  (Wesche  197^*). 

■tOi.  Tile  effects  of  reservoir  construction  and  operation  in 
western  rivers  on  the  historically  dominant  flannelraouth  and  bluehead 
suck!.'!':.;  have  been  mixe!i.  The  flannelmouth  sucker  remains  the  most 
r.iin.i'rous  native  species  below  Glen  Canyon  Dam,  Arizona,  and  the  blue- 
!ii"!d  :uii'ker  i  still  present,  in  Granby  tailwaters  (Weber  19t>9;  Mullan 
'll.  Mt'i'o) .  iJumber.s  of  flannelnioutli  sucker  iiave  declined  in  a 
'.■.'vofi i II.-'  t'!,i  Iwit.er  hci'.au;r.c  of  reiiuco!i  wa.ter  temperatures  (Mullan  et  al . 

19  i't’).  Abuii'i.'itii’e  of  both  tlie  flaunelmi -uth  sucker  and  the  bluehead 
:',iicrU'r'  ii'i;'  lecre.ar.eii  in  a  Now  Mexico  tailwater  because  of  reduced 
■  •  mi  ■  ■  rut.ure.'  uni  I'ompet.i  t  i  on  from  trout  (Mullan  et  al .  1976).  However, 
TO  kn  liowiif'-t.ream ,  where  the  river  rcl.urns  to  its  warmer,  more  turbid 
conditiiin,  tdu'  fl  .aniK-’lmoutli  .sucker  still  preilomi  nates  (Graves  and 
ii'Miies  1968,  1069)  . 

iiQli.  The  most,  serious  re>luction  of  bluehc'ad  and  flannelmouth 
suckf'rs  has  s'x’curreil  belcw  t.wo  Color.-ulo  tailwaters  where  coMl  water 
t.emjieratures.  .'ind  reduced  t.iirbidity  have  alloweii  other  species  to  out- 
.■!')mpi'f,e  them.  The  result  has  been  the  di  r.appearancc  of  both  species 
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r)'oin  OIK'  of  t.he  t:ii J wil.or:'.  aiul  their  pienerai  liecline  in  the  other 
(Mullan  ot  ai  .  197''^;  Wilt-.-ius  197»). 

70'>.  The  I’eduetion  of  watei'  temperatures  in  a  Montana  tailwater 
liar  lielayeii  r'oproiiuot  ion  o  t  o  8  weeks  for  both  the  largescale  and  long- 
nose  s.uekers.  Delay  in  sp., awning  iris  deereased  tiie  abundance  of  large- 
scale  suckers  in  this  cold  tailwater  (May  and  Huston  1979) •  Nitrogen 
embolism  below  this  site  has  caused  some  mortality  of  largescale  suckers. 
I.argesoale  suokers  are  extremely  abunurint  below  Dorena  Dam,  Fern  Ridge 
i'k'L-.oi'v.  i  r ,  Lookout,  Point  Diun,  and  Dexter  ilnn  in  Oregon,  apparently 
t,!'.r  i  V  i  ng  in  tli''  .’1  to  P7°0  lemnei'atures  i-cmmonly  at.tained  in  these 
W-! imiwi’ or  t.ail  waters  (liutehison  et  al  .  19o6). 

‘■Oi-.  Tile  effects  o;’  reservoir  .'por'il  ions,  on  other  les.s  widely 
d  Lst  .'’i  Put  ed  sucker  spooii's  have  also  been  mixe.i.  Lower.'*.!  water  temper- 
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ft't'iM  i  n  i  tir  (Whi  Vo  Tho  rivoi-  i-oiihorr.o  hri;',  i  in  t.ho  Iowit 

t.nilwnt.or  of  Dnlo  Ilcil  low  Ker.ervo  i  r  ,  Toiinonnoo ,  ‘.'inci--  i  t  o,  i  rnimin  t,  i  on  by 
Cotnioll  Hull  Ronervoir  (Bauor  1976).  Tho  o.ho-'t.ho-ni  T'l'clhomn  •  in  .MbiuiiiMni 
in  Iji'win  -inii  CInrk  '.nko  Lailwntcr,  :'iouf.h  Dakot.ri  nni  ilobranka .  !!•  :'o  i* 

t'oovin  primarily  on  noon  J  ankt.on  from  I. ho  ra^r.orvo  i  r  i1  nrhaj-ro  ,  buf  alrao, 
bryo.'.oanr, ,  ,a.tui  nquat.io  i  nnoot.n  ;u‘o  a !  .'o  I'ommonly  o.at.fai  (Vialb'iro  ol  nl. 
1071  ) . 

To  fa  !  ui-  i  d.ao  (  ("a  I  f  i  orio’.:  ) 

7f0.  The  eaif’ir.h  f-uniTy  Lncluilo;-.  TY  niH'ciin',  all  r'oiioralTy  re¬ 
nt  r  u’ '.'.'.i  t.i'  iaor1  h  an!  font  h  Aino'rioa.  it:  I'nit.oY  f'.a'on..  They  i')oin;r 

iiaTiiraM.v  it!  larger  rivo'cn.,  lak'at,  an.i  ni  ■ -w-no-v  i  in'  wil.rr:'.  oan.t.  c'f  the 
tioio  i  nonf.a  1  Pivi-ie.  iTmio  tif  -  ho  i-ifoef  nt'ce  i  <ar.  have  boi  a  wiPely  intro- 
ilnoeP  out,njh('  their  naTnra  !  ratiro  ami  now  coonr  '  hronriiont  the  Unit.eii 
P'tat.en.  Pneeion  oonmionly  ’onnil  in  t,a  i  1  wa :  ■ant  art'  t.h.o  ciianiiel  I'at.finli, 

;' !  a.f.ht'atl  oaLfinh,  ami,  f,o  a  li'nn.i'r  ('xTon',  ba !  1  iit'a.in ;  liu'  bliit'  cat.finli 
a,nd  tht'  wliit,.'  t'aTi’in-h  art'  imnorl.aaii,  r-o/'i  ona  1  ly .  All  are  I'opniar  footl 
athi  f'.arne  finlun.  f.t’n.a'r  known  npocior  whit'h  altto  "eenr  in  la  i  T  wa  T,e)'s 
art'  t’o  1 1  eet,  i  Vt' I y  ia-ff''a-.',|  tai  an  "matiTomn  .  ”  They  .ai'o  rarely  neon  be- 
oa.nne  rif  t.heir  nma  1 1  nin.*'  •mil  r.oi'rt't  i  vt'  habit.;-,.  Thi;',  d  i  ncnr.ni  on  of 
iL’t.al  uriiin,  i  1  ndt-n.  tti..  t.hfoe  tnatofil  t'a'onns — bni  1  heti.ilr, ,  oatfinhe;?, 

■itiii  I’laiitotnn. 
ihil  i  iii'.'iitn 

I'lPl  .  Hnb  i  taf  ■  'I’lie  blank,  bri'wn,  an  i  yt.'llow  btjllheadR  may  occur 
in  T.'Li  1  watt'rn, ,  buT  tliey  are  enn.etit,  i -t  11  y  tini  et -wa  Ter  finhes  found  in 
I'lken,  pondn,,  a>r  n  1  u.i'ri  nh  nt.roamn.  They  ^^ccur  in  a  variety  of  habitats 
bn*  -ita'  rio:5t,  abiindanl,  in  -irean-  with  t.urbid  watt'r ,  a  n.ilt,  bch,tom,  and 
n  "o  t  i  ot"ib  1  e  (•’trreiil,  o"  nTrnnf’;  flow.  Knix'dally  f.'ivorable  htabitats 
•are  ‘,hi'  jK'rmanont.  pool:;  of  n.mall  i  ntermi  Ttent  creeks  .-ind  rrmddy  oxbows 
•md  bai'kwi  ta'rn  itf  I  arr.i’  sl.rcam:i:.  Hla.ek  bul  1  he.-ni  n.  usutilly  inhabit  the 
Inwi”-  ;•■'•(•  t,i  otin  of  nm.'iri-  t.o  med  i  mti-n  i  •ned  sT-rea-mn,  t'f  low  yradiont, 
tiondn,  b.iokw-tTern  .'f  l.'irr.er  river;-.,  aiid  ni'lty,  n.oft-bottomed  areas  of 
l-tk':-  -m.l  i  i:;p.  tin  imetii.n .  Thi-y  tio  not  inha.biT  t.he  •ireas  in  which  brown 

I  I'l 


:itul  yollov  bill  1  hi'.’idr.  ui'iiriAly  tH’c'iif  but  seem  to  I'eplace  l.hem  if  the 
habitat,  lietor  Locatos .  Yellow  bullheatlr,  seein  to  prefer  clearer  water. 

HPP.  Pei  !-o.hiet  i  on .  The  reproihict  i  vo  habits  of  the  bullheniis  are 
ritrul.-ir.  'I'lioy  spawn  in  late  sprlnp;  or  eai'ly  summer,  when  water  teriiyx'r- 
atures  reaeli  about  PI”C,  in  saucer-shaped  nests  fanned  out  by  one  or 
botli  parent  fish.  Nests  are  usually  bcnent.li  some  type  of  cover  such 
an  tors  or  vih.ieets  eh^vat.cd  above  the  stream  bottom.  One  of  the  piarents 
remains  eont.  i  nir ousl  y  witii  t.he  efyrs  until  they  hatch.  Minnows  and 
sinifisli  a-ro  often  o.bserved  near  t.lie  nest,  rusiii  nr  in  to  eat.  er.fs  wtien- 
ever  the  onp.  o'' uni  I  y  arises..  Fr,r<-’  li.'it.eli  in  b  to.  9  d.ay.s  at  00.6  to 

At  liateliinr,  t.lie  visunr  are  about  0  trail  lonr;  t.iiey  rom.ain  in  t.iie 
nest  unt.il  tib'ut  t.he  .seventii  d.ay.  The  younr  bullheads  move  about,  in  a 
somptict.  s.ehooi  afti'r  letivinr  the  nest,  and  eontiiuio  t<)  be  acctimpan  i  ed 
by  lie  or  bi'ih  a.  In!  to.  The  youtir  ata^  abantistied  by  *  h<,’  adults  when 
•lb'  r:r.  loti;:  but  f'ernist,  ■  ,u  S'dioi^I  j  .nr  i.lir  t  )ic  first  oumrn'r 

■ ;  i  ’’e  . 

'■  .  i  •  i'ullheads.  .are  ifulv  emniv'-rous,  and  f'-'od  primarily 

-li..  bot'..-,n:  ■  v;  a  varied, y  e.t'  plant  .and  .animal  matori.'tl.  Auult-.o  eat 
i  m.f'.a '  u;a'  aiiuati,-  ins-set. s,  elans.,  snails,  ot'ust.aeean.s ,  plant,  mat.erial  , 

. .'hos,  and  fish.  Yonn..'  uf'  '  ■■  O',  mm  '  n.'*  focal  almosd.  excl  us  i  Vfsl  y  on 

.'i:,a  I  ;  orns.t  ■‘.ceatis, .  Older  yennr.  fc'-sd  on  eli'ronomid  larvae,  cladocerans, 

■'S  t  I'oo. ,  a.mpli  i  y'Ods  ,  and  mayflies,. 

1  'a,  Api'-  a.nd  rsowl.li.  In  Okialioma  watc-rs. ,  '..he  black  bullhe.ad 
■s.'.,'i’at-es  dll  t.irti  in  lcn!'!h  by  '  h"  end  of  It,-  firs',  year  csf  life  and  is 
■ib'iul  I  'O,  .'.’0,  .'jh,  -IIP,  -ind  ViO  nn  lonr  -it  'ho  eni  of  succeeclinr 
y-ars.  (i'ous.-.n-  .•ind  Ooilins  lot,;').  lirowth  in  various  li.abi  t  .■it..s  is  hirhiy 
viriabl-',  howi-'.-er,  boitir  r, lowest,  in  over|>opnla t.ed  notuis.  and  streams 
•iti  !  f.'ir-t.es.f.  in  n-’W  impt'undment.s.  Bullheads  nriy  prow  f.o  ,'^SO  mm  during 
the  firs'  yi-'o-  -^i’  life  in  new  ro's.ervoi  rs.  .  btit.  may  not.  reach  this  length 
until  f.fie  fif'ji  or  sixi.h  ytear  in  an  ovi'rfiopulat.ed  r.tream.  Maximum  life 
span  is  -ibout  10  yt'at-s,  but  few  itid  iv  i  dual  s  1  i  ve  more  than  5.  Yellow 
■.uid  brown  bullheads  .-ild.ain  slightly  larger  si  so  than  the  black  bullhead. 


l.'O 


BullhCHciL',  iti  witers 


’(P5.  BulJheads  may  occur  in  lai  Iwaterr. ,  but  thin  habitat  in 
generally  unr.ui  table  bccaiu'c  of  rcjduced  turbidity  and  stronr  currents. 

Bui  llicada  f  liumi  in  tail  waters  are  nften  produced  in  backwaters  or  in 
the  upstre;im  j'eservoir  and  luirried  idiroup;h  the  dam  into  the  tailwater. 

‘'iP6.  In  soino  warm  ta  i  1  waters ,  biiniioad;;  c<jm  i  np;  fr'om  the  reservoir 
abc.we  are  an  important,  iiart,  of  the  fir.hery.  A  1P')9  proimpoundment 
r.f.enone  suj’vcy  of  Barren  River,  Kentucky,  er.t.lmated  bullheads  to  be 
O.'i  percent,  of  tlu'  T'iver  fish  corrunuri  i  t.y ;  .^cw  were  taken  by  anpilcrs 
(Carter  IQtdt).  Tn  a  19iHR  creel  survey  at  the  Ra.i’ren  tailwater,  it  w.as, 
esMn.ateil  that  -  i.'i  percent,  of  the  a,np;lers'  catch  was  bullheads,  Fisliing 
.•nc'cess  in  'he  '.aitwatei'  duiMiic;  1  w.a.s  correlaii'ti  wit.h  d.am  discharKe; 
•'h-i\;n,c  war  ‘'oo.i  wheti  d  i  .■■clrirre  w.as  hirh  aiid  po<)r  when  it  was  low 
i er  and  ilcl.etricu-i'  I'^T  i)  .  (li.)od  fishiti.c  success  fs.r  bullheads  during 
:•  r  i  iiip'n  fl  w  and  low  historic.al  bullh.ead  popul.ati  't)S  in  the 

•■tv  r,  ir.ii.'ate  t.h.at.  th,-  h\illheadr.  wore-  pre.'btibly  produced  in  tlie  reser- 
a;.  I  •.•■■it:srort  ed  through  tlie  d-u:,  int.o  t.he  t.ailwat.er.  The  creel 
c.  ■  ii;  tie’  I'tarren  ta.i  Iw.'i '.ei-  c,., i  off  t.li;'ourh  1971  showed  a  steady 

I'c;  i;,  -.h,.'  hulldvad  ea.t.'li  from  I'..''  i  d.  I  percent  of  the  t.ota.l 

h'e'V'  (  'ti’:  r  1  er.  and  Mcl.emor*.-  loec')_  'I'liir.  .ii''!ine  ni-'t  only  indicates 

‘ha'  ‘  ii"  Irj  I  1  li' ■••iU  f'opu  1  i  eu'  wa;:  atrible  to  .••ept-o  iii.'e  ;n  the  tailwater 
"uvi  ••otim'  ut  ,  bif..  ali'.e  ?’ev,a,!r.  'i  back  oi'  I'ur*  he;-  recruitment  into  the 
‘■b.  Iw'Uer  !'r.  >m  '.'it.'  resiu’voir  above. 

Below  C.arly!<’  ilapi,  Illinois,  l>u  1  1  head r.  made  up  (7.P  percent. 

,  '  ii"  loj'b  cat-'h  by  anr.ler-s.  Tlu.-  bulltiea.t  harvest,  was  0.3^  fisli/hour 

in  rli"  reserv'd  )•  .’omf'arf'd  wi  t.li  O.OB  fi  sh/lvaur  iti  the  tailwater  (Frits. 

'i'ficnie  figure.'-  i  nd  i  e.'it.i'  n  gre.ater  .•i.hundaiice  of  bullheads  in  the 
r<_';-"rvo i  ■• .  Apparent, ly  bullheads  f.-ivor  the  res.i’rvoir  habitat  over  the 
fbiwin,.-  t -I  i  1  w'l  t.i^r .  Bullhi'ad;-.  from  Fern  Ridge  Reservoir,  Oregon,  have 
est.abl  i  iUi<’ 1  -1.  fishi’ry  in  t.he  W'!.rm  t.ai  Iwator  (Hut-chison  et  al  .  1966). 

'••ill  '.uid  T.at.t.'i  (1911)  found  that.  8  peT'eent,  of  the  fish  in  the  sti.lling 
bar.in  bebiw  Vli;'t,(.u'  Dam,  Oklahoma,  were  black  bullheads.  They  believed 
tha.t  th'’  fii'h  found  in  ‘he  warm  tai  1  w.at.er ,  including  the  bullheads, 
rn- !' 1  "(■  tod  t.he  i'.pecies  compe)S.  i  ti  on  of  t.he  reservoir  above  and  not  the 


river  dewnritrojim .  The  bl:ick  hiillheacl  i  r  ••iburuiant  in  tiie  fitiilwator 
Creek  Jr.-iinaf;e  in  Oklaiu'ma,  but,  Dceurr.  i  ri  frequentiy  in  the  Lake  Carl 
BLackwoll  tailwator.  Thir.  in  inert  iikt'ly  du''  to  the  strong  currents 
in  tailwaters,  whieii  do  not,  nr.'Vido  suitable  bullhead  habitat  (Cross 
19^30). 

JifS.  !-'u  i  i  heads  art’  Cound  in  tailwaters  with  wide  temperature 
ranges  and  :  ow  i  i  ssml  ved  oxygen  i-oncentrat  i  ■  .iis. .  Klectrof’i  shing  showed 
that  black  bullheads,  were  t.he  nos.t.  abundant  fish  ami  ranked  third  in 
biom.a.s.s,  in  K:i.s.f  Lynn  t.aiiwa'er.  West,  Virginia,  where  w.ator  temperatures 
ranged  from  L  to  .os'^C  and  averagf.ni  Ki.^'^C  (Gc.odn<i  19TL).  Fierce  (l9f^9) 
stated  t!;at  bullhead.s  bec:uae  more  abuntlant  after  construction  of 
Cummersv  i  1 1  e  Dam,  Wes.t  Virginia,  even  though  tailw.aia.T  tempcr.atures  did 
not  exceed  it.6”C.  Cunm<'rs  captured  bullheads  by  trap  net  below 

Tenkiller  Dam,  Okl  a.homa ,  in  water  of  I.'".!'  to  17.?'^C,  swift  currents, 
a.nd  dis, solved  .'xygem  concent  ra  I  i  cuis  of  l<'sc  than  O.L  mg/1.  Possible 
incrcasicd  pro.luction  rif  bullheads  in  tlies.i’  reservoirs,  ami  theii’  export 
into  the  tailw.ater.s  m.ay  account  :'or  th('  large  numbers  of  bullheads 
observed . 

•'t29-  Only  two  jxapers  rep'orted  food  habits.  btillhe.ad.s  in 
t.ai  Iwaters ,  Olson  (19(^’5)  .stated  that  bulllioadr.  in  iiavajo  tailwater. 

New  Mexico,  ate  a  diet  similtir  t.o  that  .d'  rainbow  trout.,  consisting  of 
dipt.crans,  plccopter.ans ,  ephemeropterans. ,  algae,  and  fi.sli;  only 
gastropods.  ( e;iton  by  ti’out)  were  excluded  from  the  bullhead  diet. 

Brown  biPnheads  below  Holyoke  D.am,  Mass.achur.otts ,  ato  (by  volume)  3T.'* 
percc’nt  detrit,us,  39.3  tiercent  algae,  11.3  percent,  nelei'ypods,  11 
percent,  fish,  F.F  percent  bryos.oann,  and  P.h  percent  other  items 
(Jefferies  1  97)i ) . 

Catf  i  s.h 

Id).  H.abi  >  .a  t. .  Four  catfish  species  have  been  collected  from 
ta.i  Iwaters;  channel  c.at.fish,  flathead  catfish,  blue  catfish,  and 
white  I’atfish.  The  Last  two  species  res.i’mblc  the  channel  catfish  .and 
aro  ri'gional  in  distribution.  The  white  catfish  is  foiuid  in  Atlantic 
cn.as.tal  s.t. reams  from  New  Jersey  south  to  Floi'ida,  and  the  blue  catfish 
occurs  only  in  the  Mi.ssouri  .and  Mississippi  rivers  and  their  principal 


:  ri  bii'.-ir  i '-.'I .  "'liir.  ■:  i  on  v-oticerns  only  the  ch’innel  catfish.  The 

f !  ■it.iic.'i.l  catfish  nay  'iccur  in  taiiwaters,  but  is  little  mentioned  in 
•  'll  iwater  1  it.ornture. 

i  1.  The  channel  catfish  is  found  in  a  variety  of  habitats  but  is 
nest  commoii  in  l.atyTC  streams  liaviriK  low  or  moderate  Ftradients.  Thouph 
channel  catfish  t'sefer  currents,  e'xcessive  current  or  insufficictf  water 
apldi  limits  tho!!'  -ii  r.tr  i  but.  i  on .  /Idults  are  usiuilly  f.uti.i  in  ieet-wati-r 
rc'cO. or  near  siibnerp,ed  lo^-'s  and  othc’r  c<)ver.  The  younr;  are  c^ammonly 
fiiutui  in  i’ iff!  on  or  the  shallower  parts  of  pools.  Adults  nrr  r.  st 
activ'e  at  nipht,  when  t.liey  move  into  .shallow  w.at.er  to  food. 

Rt;!>roductlon .  The  chatuicl  catfish  spawns  in  late  sprinr  or 
snmnof  when  water  1  emperat  .it'es  asa*  betweci.  and  Catfir.h 

spawn  in  iier.t.i;  se^(■•ct^,  ,  py  -t  ho  i-.alo,  lic’st  .site.s  ar  .'  natural  cavities 
under  ."ubrnor  -t iobri.:,  anima!  i'uj’rows,  or  undercut  ft 'a  am 
banks.  the  ef’P’S  ha’ c’a  in  ab  at  a  wooK  and  the  fry  renairi  in  ’lie  nest, 
fo.'-  ov'  S  more  'i:iys.  ”.'*.0  n.a '  e  r.uriras  i.he  nest,  until  the  fry  leave, 
i-'ecaust  if  nroua’ion,  tp.,.  s.urvi'-al  of  catfisdi  tlui'inp  their  first  .'ammier 
of  life  Ls  us.ually  ,-rt>a''er  in  tiirbifi  than  in  clear  ponds  or  s*  re.’Tjns . 

Fc'  !■  i .  Fl'.a.ano.l  ••y.fish  fo-aJ  m'.stl;.  .  ii  t.lie  bott  r:  a.n  d  Ticnte 
t’  o,(  prLv.a,rily  by  ta.s'e.  Hailey  ai;  I  iiarris.-  t-.  (i<d!iH),  wh'  cond\ictcd 
studies  on  tiic  fl^o|  iaabits  li’  channei  c’.tfis.ii  in  the  t'es  iloinos  River, 
Iowa,  found  *  iittt  fisd;  less  *  ban  1 00  mm  lonr  fed  •■.Im.'St,  erfh-ely  on 
small  insects.  r,arr;of  catfish  ha.  ;  a  ma'e  varied  difO,  inciud.inr  fish, 
insects,  crayfish,  trii'Iltis-ks,  a.’.'-i  plant,  material. 

•  11)4.  Afte  and  orC'Wt.h.  !ii  '  Ik'  '.‘ti.!t.  River  in  Missouri,  Mk’  channel 
ctilfish  averaftec,  69  min  in  leiirth  a*,  t.he  end  of  i  t.s  fii-st.  year  of  life 
and  is.  about  ill,  ,  .'‘>9,  .''91’,  l-'O,  and  '19''*  mm  lonp  at,  the  end  ol' 

s.acceed  i  nr.  years.  (Furket-t,  19'"'’a).  Ft.uu  ies  by  B-arnickcil  and  Ftarrett 
(iOf’J)  in  tiif  Missouri -rilinoi.s  soiition  of  the  Mississippi  River  .showed 
‘hat  .''hanri'.]  c.at.l'ish  ina.1  ure  when  h  or  9  years  old  at  a  lenr.th  of  k05  to 
'•’..'■ll  mm.  Adui's  were  i’. 'inmtinly  905  to  ”15  mm  lonp;  and  weiphed  O.k  to 
r..‘’  kr.  Fife  span  is  .apparently  dependent  on  rrowl.h  rate.  Flow-growinp: 
fi  s.ii  in  C.arrida  may  I  i  v'-  longer  th.an  MO  years;  where-as ,  fast-rrowing  fish 
the  :■  uthern  Fnit.ed  Ht.ates  may  not  live  longer  than  6  or  T  years. 

IF  1 
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r.'i^fir.h  ill  bailwatern 

Channel  eat.i‘ir.?i  are  important  f^ame  fish  in  some  tailwaters, 
partieulai'ly  in  the  scajihc  ar.t  ('cn  United  Ctai'-Li.  Ciianges  in  stream 
i’.abitaf.  cn,us(“<i  by  dam  eonstruet  ion  have  iiaii  viri  e  i  effects  on  channel 
ce.t  f  i  sh.  Tlvy  are  often  abundant  in  c  he  warm  tailwaters  of  turbid 
mahi-stem  or  tribnt.ary  rivers  but  are  utu'onimon  or  absent  in  clear,  cold 
tai Iwaters . 

Ul6.  Channel  catfish  disappeared  from  tiio  -inpier  cat.ch  in  a 
'■'issouri  reservoir  bee'uine  of  eoldwater  1  i  sclia  rpe  ( ):  .  Ii-l .  ^'°C )  from  an 
ui'ctta  am  reservoir  (Hanson  19^9).  Below  an  Ariraina  iam,  ciiannel 
catfirdi  were  second  in  importance  tf'  rainbow  t,rc>ut  untii  t!ie  wai.er 
ce  ded  from  in  19(''>7  to  l0.h°C  in  1971  atid  1977.  The  coolinp; 

•rend  c^nir.ed  charaiel  catfirdi  t.o  leave  the  tailwater  (Mullan  et  ad. 

IP"’.'). 

)*’'■.  CinnneL  catfish  abutiilarn'e  below  a  Kentiicky  rer.ervoir  apprn-- 
■cntl;,’  decr-eased  af’.-r  d:L";  cens  t  rnc  t.ion  (Carter  \9(>9)  •  V/ater  i  .s  re- 
li'ased  fri'i-i  Mie  li;;  e  .t  i  mn  i  or  to  maintain  a  tailwater  trout  fishery, 
idiar.nel  .•a:;’i'.'.h  c.>mnese.i  d'i.lt  p('rcent  of  tlie  anrlerr'  catch  in  the 
t.a  i  1  wa, ;  er  arr-a  l-i'’',,..,,  impoiirdment  in  19^9,  but  neviu'  more  than  2  per- 
ce>’d  after  imroundna'rit  (Car'er  lOt’d.l;  Charlo.s  and  Mi’Lemorc  1973).  The 
diance  ’'>■  am  !iyt  e  1  i  mtu- 1  i  r  ta'leares  in  1963  and  I960  to  epilimnetie 
■•  '.•■■ares  in  i'ti'i)  and  lOTi  did  no*  notlcivibly  affect  the  cliannel  cat.fisdi 
v’ataii.  rele'i;-..  reeimes.  rcsul  t('d  in  wat-ei’  t.c'mreratnres  below  t.hosi 

tj|e  ;i  i . '  ‘  i  ■. -a  )  fK'tithly  av<'ra/'e  for  t.he  Barren  Biver  (Carte'-  I960). 
i>i''WiiC.?  r>’am  from  .a  col.d  taai  I  wa  t.er  ,  'ir.  liacal  cond  I  ti -.'ns 
ra  ierat,.-'  ‘  ;ie  ilam  .iisrharre,  e-it.t'isfi  pern !  a  f,  i  en:i  may  i  n>  ■ '-ea.'a^ .  'Ir’ives 
and  itainec  (lOtO)  st-ii  ed  ‘  liad.  .-Int  iMe!  (-atfisli  were  the  main  ‘*.>!-,e  ’’i  rii 
'0.0  |•■.n  bel  '-.w  a  'lew  Mexico  ilam  whe>-e  t.nrbi.iit.y  -laid  water  ti 'Tnrera ture 
i|.,  j  i  re  ••ease.i .  f'’urther  m'St.ream  in  the  t.adlwater,  trout  pred'mii  in  t '■■li . 

a-;o.  Turbid  m-iin-stem  In  i  1  wat.ers  -ind  tributary  warmwater 
tc;  i  !  wa  t.-.f  s  often  '-oncent  ra  (,e  c-itfish  'tnd  create  -i  fishery.  Cross  (lOBO) 
believed  'drit  channel  i-atrisli  belc.w  ii.ake  Carl  Blackwell,  Oklahoma, 
ha.d  '^scapc'd  ’.'rom  the  reservi'i  r  and  remained  in  the  t.ailwntcr  because 
foo'i  wi.s  abundant  -in'i  flows,  were  st.ahi  1  i  sed .  In  .Tune  and  July,  an 


upnti-e.uii  migration  of  channel  catfinh  in  Stillwater  Creek  resulted  in 
a  larr.e  concentration  in  the  Blackwell  tailwator.  Channel  catfish  were 
also  most  abundant  in  Tjewis  and  Clark  tailwater.  South  Dakota,  durinj^ 
the  summer  (Walburp,  1971  ).  Channel  catfish  concentrrite  and  provide  a 
fishery  below  Lock  and  Dam  Number  1?  on  the  Minsissiyipi  River  in  Iowa 
(Genr;erke  197^).  This  species  is  second  in  biomass  and  fifth  in  abun¬ 
dance  in  East  Lynn  T,ake  tailwater.  West  Virginia  (Goodno  1975).  A 
comparison  of  the  flrdi  population  in  the  stilling  basin  area  before 
and  after  closure  of  the  warmwater  Wister  Dam,  Oklahoma,  showeri  a 
i-eduction  in  the  channel  catfish  population  from  Rlt  percent  of  the 
total  niunbers  of  fish  to  11  percent,  (hall  and  Laita  1951).  The  reduc- 

reflected  tlu'  change  of  a  community  ar.sc'ciated  with  a  river  to 
one  f^ioi'e  commonly  associated  with  a  reservoir. 

Ji-’iO.  Little  information  is  available  on  the  food  and  growth  of 
channel  calfir.h  fo\ind  in  ta  i  1  wal.ors .  In  Lewis  and  Clark  tailwater, 
they  ate  fisli,  crayfish,  arid  ainia.1  ic  insects.  In  April  and  May,  when 
hexa.peii ! :!  was  abundant  in  l.lie  tailwater,  it  was  i  major  food  item,  hut 
as  ahutuiarice  of  ilcxageni  a  declinoii  in  the  summer,  catfisdi  ate  more  fish 
(WaJhur/’:  1971).  C-itfisli  in  Dal<'  ll,->liow  tailwater,  Tennessee,  ate  pri¬ 
mary  iy  di  f>t  ofin.s  (Little  191’?).  Ctiannel  catfish  grew  fnst.er  in  Lewis 
and  Clark  liako  than  in  t.he  tailwater  (V.'alhurg  1971). 

Madt.tiriSi 

l-M.  llahi  ta^  .  Maiitoms  iniiahit.  clear  t,<'  motierately  turbid  streams 
Inving  iM'rTiancnt  fp'w  and  h  'w  or  moderate  rradient  s.  Gome  spec  i  cl?  are 
a !  s.o  :’ound  in  t  Ir^  slnLlows  of  laki's.  and  their  out.lets.  They  generally 
occur  o!’.  riffles  ovi’r  a  gravelly  or  ivicky  hot. tom.  Gome  species  may 
also  h,.  fMund  c'Vi’f  s.a.nd.v  hot  tom. s  in  areas  with  fast  current.,  .'ind 
i't.hei's,,  such  as  tho  brindli'd  mailopi,  in  pools  below  riffles  associated 
wi  t,h  ofoanie  debris  sucli  as  roots.,  leaves,  t.wigs,  and  logs.  Species 
vai-y  in  their  'olerance  of  current,  and  turbidity.  Madt  ims  are  most 
•active  at  night,,  often  hiding  by  liay  heneath  largo  rocks  or  other 
C'.ivc  r , 

Ih'prfvluct. i  r.ai .  Madtoms  spawn  from  late  spring  into  the  sum- 
I'eak  spawning  occurs,  when  w.ater  t.emi'orat.ures  reach  Gh.(i  to 


rier . 


:tfe  dopi 'p,  i  i  eil  -ir.  a  compact  cliiotcr  in  a  shallow  depression  exca¬ 
vated  beiu'atdi  a  I’lat  or  either  tornir.  of  prolection  such  as  tin 


cans,  boards,  or  crockery.  Nests,  nj-e  ^piajaled  by  e>ne  of  tlie  parent 
flshi.  Newly  hatched  yonnf'  are  about  10  rnm  lonp. 

iVni.l .  Madt.cjm-s  are  active  at  nipht.,  forapinp  over  riffles 
atid  s.hallow  pools.  They  feed  primarily  on  insect  lai'vae  and  small 
ciaist.aceans,  t  irit  live  on  the  bolt,, mi.  Occasional  small  fish  are  also 
eaten . 

hi'.U .  A,ot.'  an  I  provni.  I.if.t.  !e  inf  irmation  is  availabli'  on  yrowth 
of  madtoms,.  Carlson  (lOoti),  who  studied  the  stonecat  in  the  Vermillion 
Hiver  in  South  Dakota,  found,  that  they  ;LVerap;ed  7*^  mm  at  the  end  of  tlie 
first  year  of  1  i  fi'  aiid  OO  ^  and  117  mm  by  the  end  of  s-ucceedinr; 

yeaj's.  The  iaryost  specimen  was  10k  mm  1  inip;  ani.i  in  its  seventdi  year. 
)ili'5.  Otlior  species  ol'  nadtom  are  .small  e?-  tiinn  the  stonecat  arid 
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M,a.dto.ms  in  (..a 

:  Iw.ater.s 

lido,  'iliere  ana'  !’(>w  rei  ort.s.  on  madt<MTis  In  t.ailwaters.  Carter 
(lOt'O)  f  111;  i  tile  lirindlc!  madiom  in  the  I'-arr’i’n  tailwnter,  Kentucky, 
in  19'd  and  i  0i  r .  '''our  s-recii's.  of  madtoms — the  slender,  brindled, 
freckled,  and  an  nndos.a- ••  inv'cies. — wore  collect. ed  in  the  Barren 

biver  dui’iiiy  a  pro i mponnimen!  .survey  in  lOho,  fn  the  Owyhee  River, 
Orcyon,  tadpole  madtomr.  wiua'  commonly  foufri  in  both  the  tailwnter 
below  Ovrv'iiee  n.a.rn  and  in  the  r‘'s.ervoir  above  (port.une  and  Thompson 
iOfio).  .'t,,  meca !  s.  weri'  collected  below  four  imj'oundmentr,  on  tlie  Au 
f.able  Riv-n-,  Miclii.yan,  In  the  lOCO's,  but.  none  were  collected  in  .a 
1977  survey  (Riciiard.s  1976). 

Perci  chthyid.ae  (Temperate  Basses) 

dli7.  i’hos.c  basr.ps  include  s.ever.al  freshwat.er  and  m.arine  genera. 
The  whit.'.'  bass  a.nd  t.iie  ler,s  common  yellow  bass  both  occur  natur.ally 


ill  Ltic  Mi  r.o  i  cr.i  pi' i  ’\iver  'h'aliuij'o.  The  stripeii  bass  was  introduced 
into  many  rmoi-voirr  durinp.  ttie  past  ;'0  years  from  anadromous  stocks 
nnt  ivo  t.(i  0,  -o'tal  rivers  and  estuaries  in  Virginia,  Nortii  Caroiina,  and 
n!  1'.  taroi  i  na .  'iTieso  piantings  have  been  successful  in  some'  states, 

•md  sti-iped  baa;;',  are  now  relatively  common  in  some  river-reservoir 
;'y..  t  ems .  ilyrcnpl .  of  slates,  with  successftil  striped  La'ss  fisheries  in 
t'otd.  reservoirs  an.l  tailwatei's  are  Oklalioma  an.i  I'ennossee.  Reproduction 
int’-  duced  stripe. i  bass  has  been  limited,  and  the  maintenance  of 
'"i  I'inbi  e  steeks  is  e.ften  dependent,  on  annual  plantings  of  hatchery- 
produeee  fiidi.  The  life  history  diseu;tsion  of  temperate  b.asne;',  is 
limi'ed  t,e  *  he  white  b;u;s;  the  tai  Iw.-it.er  ili  :-.ctission  includes  botii 
win  t  o  bn;;:'  -uid  sti'int'-d  bass. 

V.’hit.'  b' 

li-ibi  1  :■  t  .  V.'hit.i'  ba;;i;  itdnl-i'  tlie  deeper  poo  i  s  of  st, reams 
■ind  'I'en  w-iterr  .'f  lakes,  and  re;-.,  rv.  li  .'s. .  iturir.)’:  the  snrinr  ST'awn- 

i  fif  ni  t..  i  1  n;; ,  l'i.r,'’:i  nai.'il'ei'-.;  '-n'l-r  tt-ihut.-iry  ‘reams  .•in  d  are  the  basis 
:’or  an  ir;i'0!'t  .-n.’  seasen'.  !  ’’i  rdie'.ry .  Ttii'  white  liars  tent;',  to  avoid 
w'lt. f.li.-p  .ar-'  e< -n  t, ;  1  y  tin-hid  .and  Is  most  ciften  I’ounJ  over  a  firm 

sand,  r'favel  ,  ■■f  ‘••.'cky  !.<•■'. 'er;.  It.  ha.;;  been  int.roduced  ijjtomapy  lakes 
and  reservoir;'  thr. Mn~ti.,.ut  t.h<.‘  United  .States. 

Jihd.  Hof.ri 'due t. i on .  The  wliite  b,as;;  spawn;;  in  early  .spring  and 
3t:.iwning  i ;;  u;;ua.l!y  nr.'eoite.i  by  t  lie  migration  o!'  mature  adult.;-  into 
‘ributri.ry  ream:; .  Tile  presiniwn  i  ng  schools  are  comprise. i  c'f  only  one 
sex.  Males,  m.ive  nit.i  the  ;'.p:iwiiing  grounds  :ibout  a  month  bcf.-'re  the 
fenales. .  Tiie  ;;pawiung  peri.', I  i.iirougiiout  their  ran.gt-  is  from  April 
t.hrough  Jtine,  whin;  witer  t.onpetait.ure  is  -ihoul  IS.Cf'C.  fl|;awning  occurs 
in  midwi'<’r  nr  no.-ir  t  i;e  surt’-icc,  over  a  gr.avelly  'or  r.icky  bottom, 
ot'lon  in  (’ur''ent.,  -nid  wittiout.  I'repar'it  i  on  of  a  nest..  Spawning  is 
gi-’iierally  completi'd  ;it  .'iny  given  l<'>caiity  c'ver  a  neriod  "f  f  to  10 
day;;;  there  i ;;  ne  par.  nt..al  i-ari'  '.f  egg;'  or  younr.  Tlie  eggs  settle  to 
t.lio  bet.tei;i,  where  t.iiey  li.at.cli  in  :ibi>ut  i’  days.  FJewly  hal.ciied  larvae 
•if'’  'it'out  -1  rim  long. 

■‘hO.  1''-  '.'ij  .  V.'tiii.’  li-!;;:;  u;;ually  fee!  in  selr'ol:',  .al'pe;iring  in 

I'i.rge  numbe.'-.'  wiieia-  fi.e-i  i  :!bundant  and  rr  v  i  ng  on  wlien  t  lie  ripi'ly  is 

l.'Y 

i 


exh.-iuiU.eii . 


Most  feed  near  the  water  surface  in  early  morninf^  and  late 
oveninc,  where  they  pursue  forage  fish,  small  crustaceans,  and  the 
omerp;i:i(:  star.es  of  aquatic  insects.  Zooftlankton  and  aquatic  insect.s 
are  the  most  imyiortant  diet  items  for  young  white  bass.  The  diet  of 
adults  is  largely  composed  of  fish;  iiowever,  zooplankton  and  insects 
M'-e  also  important. 

Age  and  gi'owtdi.  Growl^h  of  the  white  bans  is  rapid;  the  life 
Sian  is  seldom  more  thaii  )i  ycai's  in  southern  waters,  but  may  be  7  or  8 
ye:trs  in  northern  w.aters.  In  Ijakc  Wappapello,  Missouri,  this  fish 
reached  a  length  of  about  lb‘^.  mm  its  first  year  and  averaged  30?,  338, 
and  'd'8  mm  by  the  end  of  succeeding  years  (i'atriarche  1953).  Few 
whit,'  bass,  attfiin  a  length  and  weight  of  more  than  ^1)45  mm  and  1.2  kg. 
Tomperat.e  basses  in  tailwtiters 

■’(5:  .  The  white  bass  is  an  important  sport  fish  in  many  tailwaters, 
es. :  t.c i :i  1  1  y  'iurinr  the  spring.  In  the  warm  tailwaters  of  Clearwater 
hake,  Missouri,  it  mri.le  up  3.'^  percent  of  the  anglers'  catch  in  I96I 
and  ill.',  jicrcent  in  li'>(Vi  (Pry  196''>;  Hanson  1965).  It  composed  8  per¬ 
cent.  of  tlie  .anglers'  taateh  b<'l  (w  Pomme  do  Terre  Reservoii’,  Missouri, 
luring  I'th'i-Y!;  (Hanson  1977). 

•Vis.  In  (,he  Tennesi.iee  Valley,  white  bass  suj'port  important  spring 
fi'.dierics  in  colri  tailwaters,  which  are  primarily  the  result  of  spring 
igra ti  ons  upstream  from  reservoirs  (Pfitzer  196?)  .  The  fish  is  a 
part  icu.Ia.rly  impoi’t.ant  game  species  below  the  m.ain-stem  reservoirs; 
foi-  exami'l'-,  in  V/a.tts  Bar  taijwater  it  composed  I8.8  percent  of  the 
aiirlers'  catch  in  1953  (Miller  and  Chance  195‘'-' )  ■  Large  numbers  of 
will  t  o  bas.s  have  also  been  (.ibserved  migr.ating  upstream  out  of  Watts  Bar 
hesorvoi"-  into  riorris  Dam  tailwater  (Esclimeyer  and  Manges  19^5). 

It'll.  In  Dale  Hollow  tailw.ater,  Tennessee,  whit.e  bass  became 
'ibuniant,  in  the  lower  tailwater  after  the  filling  of  Cordell  Hull 
l-ierer-v  ir  (ihaucT-  1976).  White  bass  ai-e  also  important  in  the  fishery 
be!  w  Tenki  iler  Pam,  Okl.ahomn,  where  they  composed  8  percent  of  the 
•■idcii  imiii,’'!  i -I  t ''I  y  below  the  dam  and  1(3  percent  at  a  point  12.8  km 
d' wiist  i-oam  (Pi'ppert.  IdY*"). 


Lake  Taneycorao  tailwater,  Missouri,  is  infiuenced  by  the 
presencL'  vU"  Table  Rock  Reservoir  upstream  and  Bull  Shoals  Reservoir 
dowustre.'im .  Tncrensed  power  production  ;it  the  dee]'-rei ease  Table  Rock 
I);im  has  converted  Lake  Taneycomo  tailwater  from  a  warmwater  to  a 
CO  !dw:i.ter  tailwater,  makiri"  I'onditions  unfavorable  foi’  warmwater  r.ame 
fish.  The  magnitude  of  spririj:  i.-iif'ration  of  whit>'  b'iss  ifpo  Lake 
T'cieycomo  lailwatei*  from  Bull  Shoals  Reservoir,  !ioW''V(^r,  Is  most  heavily 
in  f]  uorice.i  by  the  1  t'vt'l  of  Bull  Shoals  Reservoir,  which  inundates  Lake 
T-ii,eyccn.  ‘  illwntt'r.  Maximum  spring  migration  .o’  white  bass  into  the 
tailwa' or  uvurTcd  when  null  Shoals  Rfservoir  was  betweeti  O.l  ami  1 . 0  m 
be  1  w  ;  ow-'c  Ab'ive  or  below  -■  hese  levels  the  mirraMcn  rate 

decMnei  r.i- u  ■  r '  I  otiaf.el  y  (Fry  1965;  Hanson  1969)- 

'  .  'I  hi  fiod  and  I'eproducti  ve  habits  ef  white-  bass  in  tailvaters 
are  no’  well  kmwn.  i'll  IGS  st-omachs  of  iminal’cre  white  bass  collected 
I't’ orn  IJorric,  tailwnfer,  Tennessee,  in  the  winter  c'f  19-h'-‘‘3,  l^iO  wei'e 
emi'ty  ( Ls.c!L"ie.yer  bl'n- ).  VRsite  b-irs,  in  -jewi  s  and  Clark  tailwaters, 

Siouth  I'-ikctc!,  fe-i  oii  s.-ir-nla:  in  tlie  storing  -‘ind  fall,  ar.il  pre- 

lioml rr in 1 1  y  I'isli  in  sumirier  (V.'-Mburr  ot  al.  19T1).  Little  reproductive 
success  was  n-'tod  in  ei</ier  ,i:'  '  hc.;v  tailwaters  (Eschveyer  and  Mingous 
lOiiR;  Wa  iburr  ef.  al  .  lO',''!). 

111?.  eti-ipod  ba.ss  iiavc  been  st.ocke-i  in  a  number  of  reservoirs 
and  tailwaters  in  an  effuM.  to  control  large  gizzard  sho,d  populations 
and  tr;  eiiha.nce  the-  sport,  fishery;  hewover,  they  ha,ve  been  found  to 
compete  wit.ii  ti-out  in  tailw.aters.  Below  Davis  D.-on,  Ai’izona,  2h  trout 
COO  to  CRO  mm  long  were  found  in  CO  striped  bass  stomachs  examined 
(Ai’isona  Game  arul  Fish  Dep.artmcnt,  i9TC)  .  Additionally,  food  studies 
on  st.'-ij'cd  b/!ss  in  :’i.niki  .1  lor  t.ailw.ater,  nklahoma ,  showed  that  rainbow 
tia)ul  co;-:i'oso.!  -hO  percent  by  number  of  the  food  items  eaten  by  striped 
bass  duri’-ig  t.lic  first,  week  after  the  trout,  wore  stocked-.  Gizzard  shad 
was.  tlu-  prii’iary  rt.ritiei!  bass.  foo(i  in  this  tailwater,  accounting  for 
cercerd  'f  'he  t.-t.al  number  of  food  items  during  the  first  week 
ai'f..'r  t  roa'  s'oekinr  ari.i  Th  pc-rcetit  at,  oilier  t.imes  (Deppert  1978). 
.'imilas  ta-s’  li..'.  were  i,ot,ed  in  KeysPcine  I'am  tailwaters,  Oklahoma,  where 
i  s  s,'!  :  s.ha.l  fsil'-  un  per,-en'.  of  thi'  fooii  ica.t.en  (Oombs  1979)- 


Contrarcliulni'  ) 


Fii^hoL'  oT  :hi;:  frimny  are  found  in  nearly  nil  Lypen  of  water 
an,]  !'ior.l  are  liiyhly  re.uyht  Vy  fi rdiermen .  f'hei  r  hahitr  and  li  fe 

lii.'.tory  ai-e  s  i  rn  i  1  ,  di^'l’eriny  only  in  detail.  Cent  i'urc'h  i  dr.  niyiaate 

little;  r.  'ra  repa  in  in  t  lie  r.-yu'  r (  re-' a-h  of  rtreiim  or  shore!  i  ne  through¬ 
out  1  i  1\' .  ■•toliur  is  Vy  sifio,  and  ida-dinf;  aclivit.y  poakr  in  early 
i^.ortiinf  a!:.i  late  t'veniiir,  tioci .r::’,  ani od  by  movement  intf'  shallow  water. 
All  een '  ra  r 'h.i  u.t  eoi.rt  r’urt  uestr  for  r.  pawn  I  !:f  ,  but  only  r;a,li.-r  pnrtiei- 


t":  tf 

■  in  thi:t  aeti' 

.■ity.  dhev 

run 

ird 

i  tlX' 

oryr.  nfter 

they 

.'i  r 

he’,  dv-. 

i  i 

:tr;  i 

remain  until 

fry  ii-.ave  1 

he  ner 

‘i’rie  eentr.ar 

eiii  dr 

■O’ 

e  'i  1  reu 

reon 

un-:-.' 

■r  !  hreo  /’o.'.ey 

il  .'roups  — 

■M-sr 

•k 

b'iir.s 

es,  "true  r 

UP  f  i  r' 

ti  .  ,  ,  ; 

»  •'  o  ■  ■  ‘ 

.•  V:i  l' 

'pier . 

'k  b.'isses 

l.hO.  Three  1 

adiok  b-iss 

]  r'K' 

-ir 

e  ei'miTionly 

f  ound 

i  !i 

tallwa 

^  p  >*  ‘t 

tl'.e 

rma  !  It.out  h  1  ;n 

l'.  r  ,  r, p'  t  t.  ed 

1  or 

r.c 

ky  b-iss  ,  an 

.1  lar, 

rr  r.i 

u'  b'f 

e . 

o(10.  liabil-.i 

;  .  j  f.;, 

b-i 

:.-r  r 

for  eicar 

,  coo 

*■  ^ 

rermano 

n't  - 

flowirif  ttt  >-ear.r  w 

i  1  il  y  ■. 'd  e: 

":ti  i  t 

•nt 

(  1  . 

.  •  .  '  ...  / 

km ) . 

Vr 

( '  f err e  i 

r.iu^Lr'.er 

wn  f,  t 

t,er:i’e-’,a  t ' 

ir  i;!'.  ut  .' 

fish  yeii'.-'ti 

!  ly  o. 

•Oli 

r  over 

‘\ 

;  I  f. 

-Creo  r-  rk 

oravel  1>  * 

!, 

iO.'t  1* 

ri‘'fios,  bi 

t  n.  t. 

i  r 

the.  rv; 

i  r". 

.■'irv 

.  A'i'i :  ts  • 

o'e  rii.-rt  a  1' 

r  eover  in 

:  lie  f’ 

■  yr. 

'f  ly.i 

'.here. 

r, ,  .  r  suid-p  n  ' 

'.la.'os.  In 

i  orr 

r !  '/■' 

rs  with  triv 

i  ytd  i- 

"’M 

d '111:0,  * 

hey  af'(' 

'if.vri 

1  ly  la-.-trieto, 

i  t<  the  re 

r!t 

i'-i  l  r 

below  d'U".r 

,  Wi'.e 

ro 

r*  re-iml 

i  ke 

'T1  i 

i  i  t  1  0.11;-  r  '  i  ^  1  1 

'i-ovail.  T 

'he 

tt'.a 

1 1  ru  ■' 

'ith  lu'rr.'iil 

y  Mm 

1 1 1' 

i  *  r  ,ae 

t  1  V  1  - 

tior  to  ti  .tinyi,.  r,t  roam  poel  ,  but  oeL-rision'!  lly  its.  h  'no  raiiye  inoludes 
r-('Vt..'al  :>o.',n  as  mueh  as  O.t-'.  km  atvirt  . 

’.(il.  :'!,'t.‘eil  bass  inliabit  fl  'winr  wa.t.err  th;it  are  wart.er  and 

slirhtly  more  turbid  than  tliose  fave;aai  by  r.ria  I.  Imouth  bass.  Preferred 
rummer  t  emp('r:tt,ure  is  about,  'I'ho  iiubits  of  t  he  spot  ted  b.ass  are 

similai-  ill  t.hi'.'.i-  .’f  tlie  s,ma 1  ir.ou  t  ; . ,  exeepf  tint  the  rv'otted  bass  is 
mora’  niyrtitory. 

71,0  laryem.outli  bars,  i  more  widely  (i  i  r.  ti’i  buted  than  the 
old  er  bar.r.or  and  i  r,  t  lu'  n.irt  abiui.dant,  itarr  specior.  in  rtandiny-wat  ei- 
hab  i  t.a  t,  .t .  T  t  ;  la-ffu'iaai  .aunr.er  *  er.pora.  t  n  ro  is  abe>ut  I'T^C.  T1  is 


v''.'t;LfrK!t;ly  found  iti  lowland  lakes,  rt'servoj  t-s  ,  ;;1  ow-flowinr  streams,  and 
b’lL'kwaters  >.  f  larye  rivei’s.  Tt  is  intolerant  of  eycessi  \,a’  tui’bidity, 
and  in  streams  witli  continuous  strorift  flow  it  is  i-eplaced  by  one  of  the 
s  T.her  bassa'S .  Tiie  Isifftemouth  displays  more  seasonal  movement  t.han 
eitri-  f  t!ie  nmal  Imounli  <a-  spotted  bass. 

■a  Roja-oiiuot,  i  on .  The  smallmouth  bass-  begins  nc-stinr;  in  the 
*  lie  wati'r  t  emt'erature  exceeds  l‘j.r°C.  destine  activity 
us.u'illy  neaks  in  l:it.e  spriny,  but  sometimes  continues  well  into  early 
:'u:amer.  Renes’lny  .'cours  if  e.arly  nests  are  unsucces,s  ful  becaui’.e  of 
iiii’li  water  or  low  '  •■>mper-'.  tures, ,  and  may  ■('■•ui-  even  if  the  firs-t  ne-sts 
ai’o  iriccessful  .  dents  ai'e  in  quiet  water  near  shore  or  downstream  from 
•I  iK'Ulcier  or-  oilier  obs.t  ruct  ion  that  breaks  th.e  forcr'  of  the  current, 
'.'.'■'.ter  doc'.'n  rarely  e.'aaa'vis  1  rn  over  the  nert .  omallmoutl!  bass  egg:’  are 
yo'l  ien  ;.a  .1  ^w  and  about-  f.f  inin  in  diiU-ietcr.  They  are  i  i  i-'i.ingui  shed 
fren;  *  i:os.e  'f  '  h.,-  spotted  b;vss  .and  largem.ou*  ii  basr  by  their  larger  elite, 
h'.'-i'i-  lia' ch  in  or  t  day;'  atn:  fi'v  ri.'r.’ilr;  oa;  i,h<’  gravel  for  about  6  days 
l,a-o't're  li'aving  tli-  ’  nest. . 

'■G'i,  f'petted  btu'.s  gein'rally  beriii  -.tpawni  r.g  several  days  later 
Ilian  s"ia i.miiut.ii  b.ass  In  tdio  s-tme  stre-ir..  doi'd.s  are  r.im.ilar  to  those  of 
t.he  smailm''iith  bass,  and  tiie  dev(>lopmenl  so'  er.ys  and  fry  is  similar  at 
t  lie  s.amc  tomi’er-o-nr;'.  Fry  C'f  the  spotta'  i  ha:.:r,  dirrerre  fi-om  t.he  nest 
'}■  '''  iays.  a;’‘er  s-pawninr;  if  tire  water  tc'mperat  ni-e  i  ;■  above  dO°C. 

'ad  .  Ti;.  1  a.rremc'iit. h  bass  bot'ltis  r.p''iwning  iti  t.he  I'-prinp  when  water 
‘  cr'!!  erti  tu;-e  rf;  'hes  •ibisut;  l‘'.o°C  cont.ii.ues  iid.o  l-tte  spring.  Nests 

a.ra-,'  cons,t  riK.'t  ed  on  aim-';";  any  typi-'  I'f  firtti,  silt-free  bottom.  Water 
li.'pt  ii  nests  nuiy  -.’.-iry  from  0.  -'  r.  .a'  less  to  -'i.!'  m  or  more,  being 

d('er-att  i  ri  tile  I'lea.'-  w'iters  I'l'  large  impouiidnicnt  s .  Nentn  are  never 
o  instructed  where  tlier'’  is  cuT‘!-ent  or  wave  action.  Tn  streams,  nests 
ar-'.-  l.r'.at.ei  in  ttie  deepn.-i’  atrl  quieter  prirt.s  of  pools  or  in  adjacent 
sloughs.  Er,g‘s  are  tibout,  the  sise  of  spotted  ba.ss  eggs  and  are  much 
sr.-aM-a-  t.h'iii  t  hos<'  .1’  the  smallmouth.  They  hatch  in  1  ot-  days  and 
fry  leave  the  nesd.  as  a  school  when  about  10  li.ays  old.  Fcliools  break 
up  .'0  'o  M  days,  rift  er  hat  ching,  when  the  young  bass  are  slightly  os'er 
.'t  rnm  Inig.  The  m.-il  e  1  a.rgemouth  is  a  more  attentive  parent  than  any  of 


! 


Iho  otbiOr  null  !'i  r.in';- ,  i  wi  tif  wiili  i  luv  ;■ inp;  yniti;’;  for  several 

weeks  akt'e-  they  t  f.'-!ve  !  !ie  nest. 

■■t'f).  Fo(\i .  Miore  larvae-  and  ■.’.v)e>rl  ankt'r.  are  the  first  foods  of 
r-rial  lir.outti  has.;',  fry.  Acia-rdinr  t<'  rflit'per  (l9T':’),  fry  less  than  iron 
lent;  eat.  small  t'is'ti,  ar.-l  fufr.  la'm.ain  an  imic-id.aid  na.rt  of  their  diet 
thi'ouphont  I  i  !‘e .  f  i-ay  ■'!  s.h  ■-.lai  fi  s.h  -'eeur  in  ab<iit  itoual  amounts  in  the 
diet  e  ;■  -^enit  ba.ss.  liaa-'s  -ea'  taken  I're- luei.  i,  1  y  but  a.re  of  only  minor 


imf'erteuiee  . 

it'd.  h'.t-a'are  -O  apes  -'f  a-iuatie  inS(?et,s  ar-'  tile  n?-ini’i,na)  dipt  of 


St.  t‘e:  iiass  of  all  .-ises.  Tnseet.i  are  suia  1  eitent  I'li  vti  t  h  small  erusta- 
et-i!is  in  bass  .less  than  71'  mm  lonp.,  and  with  iT-ayf’sh  ari't  ''isfn  in  larper 
bass  (;’r:i‘h  ana  I’a/o'  l^t.o)_ 

■•'■S.  The  fii-sr  f-‘e-i  e-'  yeanp  1  arpetnouth  bass  eeinsist^  mostly  of 
to -I'.l  ankte'rs ,  but  tisaa.'  a-e,  s.ii}'!' 1  emmiti'd  by  inscetv  and  tlieir  larvae  as 
the  younp  li.-i.is  increase  in  size  (Fflieger  1975).  Adults  feed  princi- 
I'aily  on  t'irdi,  erayfi.d:,  an  i  !.ar.--e  insoets.,  alonp  wi'.h  .an  , 'ccasiorril 
:’".'p,  miMise,  airt-s'  an;.-  .  t  her  anittal  'hat  .twiits  -  r  "aMs  inte.  the 
In  lar.-'e  reserv.  -  i  rs ,  t.h.e  1  arpemotiM:  b-tss  d-.-t-etiis  lienvily  -.-'ti 
..'ittsaiai  sh-i  i  as.  tki.'-  i,  :i!.-l  ’  h.ero  is  a  ■i'.  fit. lie  re'.atic>ti  between  the 
treasis  in  abnnrinia'  ef  the  1  .'ir.pent  nn.li  .and  Mi-.-s--  .'f  its,  lu’ineiivtl  lu’ey 

.'■id.  Ape  an.i  prewl.h.  lii  ’iis.'.'tir:  s.tre.ar.s. .  t.ho  srrti  1  Im.eut  ii  bass 
av-'S'iP'.-s  do  vhen  1  year  .'l-i,  -itui  attains  lenrtiis  r-t'  ab,  sit  170, 

.■'do.,  -lao  op]  .■•jeeeedi ye.ars  :  t  ’dt'lb).  Ar~  is 

.•.■mm  at  in  fishe.i,  P'-.'Wt.ii  is  tner^-  rapid  in  larpes  s'se-ita'  *han  in 
a-a  iva'-’S  .•r-ant.'.  A  ■•'[.n-ou:'!  smal  '  t;ont.h  ba;:s  weipiis  aV'eut  r  at  a 

0'n>'t.ii  e’  .  de  an  i  ab.rit  p  -it  pht'  r;!-!.  :’ma  I  1  moil  t  li  bass  seldom 

■  ■xe-.'i  a  li’tir'i;  '-,'0  I'lm  -r  a  w-dphl  -V  pp.  Miss  uri  smallmout.h 

I'of  tjee.-n-'  mat 'in  .tarvip  tlieir  !-!;i'-d  or  fnurt  h  stimmer  of  1  i  I'e  and 

l.'.'e,  h’-w'!.  -f  s;  *■'•'!  bass  :  .1  slietp  ly  Pastor  than  t  iiat  ef  the 
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1958:1).  Ccowl.h  appears  to  be  more  rapid  in  reservoirs  than  in  streams. 
Most  fish  are  mature  when  3  -'S  U  years  old.  I'ew  sjxilted  bass  live 
loni>;er  than  6  years  or  attain  a  weif'ht  much  .yreater  than  l.t  kg. 

i^Tl.  Growth  of  the  largemouth  bass  i.s  extremely  variable,  depend¬ 
ing  on  local  conditions.  In  Lake  WaT'papello,  Missouri,  a  length  of 
about  135  rniii  is  attained  the  fi'-st  year  and  lengtlis  of  377,  338,  ^09, 
U6O,  and  ^98  mm  ai-e  readied  in  succeeding  yeaj’s  (pati’iarcho  1953). 
Gi'owth  rates  are  sinilai'  or  fasten'  in  new,  well-managed  jionds,  but  much 
slower  in  highly  turbi  I  or  ovoria ;pul 'it  cd  nds,  which  may  contain  bitsr. 
h  years  old  oi-  older  th:it  are  still  Irair  r.inn  .'’a-i  mm  long.  Fish  mature 
between  the  ages  of  IT  and  TV,  dein'iid  inr  o.n  growt  h  r:ite.  Under  average 
conditions  a  305-mm  bass  weighs  about,  -.lu)  g  and  a  5b0-tnm  brrss  about 
2.7  kg.  Indivi  divii  s  weighing  more  th-in  kg  -ir'  ncd.  uncommon.  Few 
largemouth  bass  live  beyemd  12  ye;u'r>. 

Bl:.i.ck  basses  in  tailwater:'. 

872.  Black  b.'isses  are  important  game  fisii  in  rivers  and  7'eservoir 
in  many  areas,  of  the  United  States.  They  occur  in  tailwaters  if  water 
temperatures  are  suitable  and  cover  is  adequate.  Black  bass  population 
h:\ve  been  reduced  below  many  hi,a)olimnoti  c  release  darts  constructed  on 
w.armwater  streams  bi'cause  of  low  water  temperatures,  strong  currents, 
and  lack  of  instream  cover. 

)i73.  The  sm:i.llmouth  b.a.ss  1‘ishery  below  Hoover  Dfun,  Ohio,  was  lost 
due  to  hypiolimnetic  water  discharge  from  the  da.m  ( Cavender  and 
Crunkilt(.)n  107lt).  Pierce  (I969)  showed  .-a.  reduction  in  sm.allmouth 
populations  from  7.i8‘  to  li.??  kg/ha  in  the  Uurmorsvi  lie  tailw:iter, 

We.st  Virginia,  b.ascd  on  jareimi'oundment  and  post i mi'oundment  electro- 
rirdilng  r.t.udies.  The  m:i,xiiniam  temperature  in  Bummersvi  1 1  e  t-i i  1  watt.'!’  is 
15.8'’(’,  which  is  below  i,hc  optimal  range  f<'!'  smallinouth  bass.  Dendy 
■ind  .'.Lja.iud  (19^*9)  bellevi!(i  that  low  watei'  ternpeivitures  and  low  dis¬ 
solved  oxygen  following,  construction  i.'f  Fonlarn  iiam ,  iJorth  Carolina, 
advf.’rsciy  affected  smallm.outh  bus::  for  many  milo;-.  d(iwi:rd,"e;im  in  t.he 
Little  Tennessee  River.  The  coidwater  disch.'irge  from  T:iblc  Rock 
11 'f.ervoi  r ,  Mi  ssoui’i  ,  tvtused  the  ior.s  of  smallmoiitii  and  si'ol  ;,ed  bass 
dtiwn;-,t re.'Lm  in  Lake  Tarieycomo  (Fry  and  Han.son  I988). 


h'fh.  Ci'lii  friilwriters  belAJW  t.wn  in  iifk.v  nufport  fewer 

black  banner  i  Irni  ecciaTed  in  t)ie  natural  river  before  irayoundinont . 

Rlack  banner  were  est  imated  to  be  iiY.9  arid  10.]  percent  of  the  anf]]  er 
catch  in  :i  1050  crec'l  rurvey  from  there  two  riverr  (.1.  1^.  Carter  19t^a). 
In  I06b-’n  ,  aft.iM'  iam  court. ruct,i  on ,  black  bar.r.e:-.  c'.mpor.ed  only  0.  I  to 
f'.e  percent  .o’  pbe  arif'ler  catch  (Charier,  atri  Mi’hemert'  1 97  "i )  .  Apparent  ;y 
t  he  tailwater  li.abit.at.  di  ffc’red  :’rom  the  oripina!  w,arr:;w.'iter  r.tre'cri  habi- 
t.at  .and  'ii.l  not  ('rovide  t.tie  ceaui i  ’  i onr.  ii' •i-('r..-.ary  t..  rar-tain  the  bristi? 
i'i  nhery  . 

)t7h.  Cm.anmouth  b.ann  were  comr".r'n  i  !i  ai’./’ler  cro  chia',  in  The 
t.a  i  ]  w.a !  t.'r  boJow  Cherokee  Tt'tiner.nee ,  fc.r  t.iie  I'irrt  yetir.a  .after 

i  r:;pe!:aiiirient .  The  f  i  nhery  chanred  tlic;re.a  ft.er  ,  an  i  anrlers  hai.1  to  fir!: 

-t'.’  to  i-0  km  downstream  to  ctilcii  rma<lm  >ut  !i  b-a:':;  (ic’i  trer  Low 

wafer  ‘  emper.ature;:  ai'i'arently  taaiuco.;  b.ass  repro<iuct,  i  <Ui  and  riumbcrr-  in 
tiu'  utipt'r  d.’  km  of  the  tailwate;-. 

'i't'C.  I’scimieyr-r  and  M.an.ce.:  (lo'd- )  r.howe  i  tli.at.  t.he  condi  ti  vti!  f'lCtor 
of  1  artiomoUt  h  ba.r.s  d*-,'!  '  t;--.;  ’’r  anitimn  iO).,'’  to  aut.iunsi  1  <">li  t  i  ri  a 
'i't.-'ntn.'Sr.ee  tailwat.er.  'i'ii'';;  beiievod  t.iie  fish  wore  ext'cr  i  enc  i  nf'  hiydi 
nat.ura,!  mc'r*  i  ■  t.y  iue  to  t.he  h.arr.h  habit. a.t,  in  t.iilr.  eo.ld  tailw.ater. 

■■77,  .'■.'■me  w.ai-f;  carl  co(nl  t.a  i  i  w.aterr,  runtair.  'rlack  base  poi'ulations 

wlh'n  wi'  er  tem.pra-at.uf.a'  atu!  e'.'Vn'r  .are  a'iequ.at.e .  liatiy  younp-of-the-year 
rm.a  M  ri.)uf  !’  V-a;:;:  Wero  ■■.aid.ared  by  ra-ine  below  a  iow-lio.ad  dam.  <mi  the 
i.iainr  kt'f  a  ilivt.T,  l.wa.  'i’iie  l.arp'C  i'on''eiiti'at  i  ■  iis  .if  fish  in  this 
tai  Iw'itof  wer'e  lielieV'^i  ‘e  be  a  re.'iu.l  *.  iif  hipi!  oxyper  1  evel  r> ,  blockade 
o'  a:  rf  rea.m  m'lVi.m.en'  ,  aad  liabifrit  divet-r.ity  ( Parapami  an  1979)- 
Hut.ch'.'  !.  et,  ,a  1  .  (lOf.t.)  f  ai!i  i  !  'W  t'.i  m'-ltnaate  r.mallmoutli  barn  abundance 
below  I’ott.ap.'  Cr.'Ve  Dam  and  Doretri  Druti ,  Orepon.  Tliese  flood  control 
.I'lmr.  iiave  caur.ed  iner'-ar.e  in  wat.t'r  t.r'nip' a'a taire  in  t.he  t.ailwaters  ;ind 

ham.  n'l.io  theta  mtu’e  ruitabl-'  t’or  r.ni.al  linen t.li  btir.r.  .and.  loss  r.uit.ablo  for 
t  ait  and  r.almon.  Andrews  "t.  .-il.  (l07''*/  eomiptireii  t.he  ctitch  of 
larp'  ■  nth  tiar.r  in  t.lie  river  above  .and  beliiw  an  Oklab.oma  reservoir. 

!■  i  r  ■  .ir  i  ca  ]  1  y ,  1  arpenout.h  b.asr.  were  .abundant,  in  the  .tee]'  p.'ols  i-'f  the 

i  wii.'treata  rectinri  wlie>-..  ;'lows  wer.^  riori'  r.t.able.  After  intioundmenl. , 
a,  ;.':-ceiit  op  <h.'  1  .-1  rpem.  i-it.h  b.asr.  were  caupiit  in  the  river  ab.ive  t.tie 


re;3ervoir,  and  they  provided  35  percent  of  the  estimated  catch  of  all 
fir.h  species.  Coolwater  discharge  and  fluctuating  flows  below  this 
main-stem  hydropower  dam  apparently  reduced  habitat  suitability  for 
largemouth  bass  in  the  tailwater. 

tTB.  Food  of  largemouth  and  smallmouth  bass  from  Holyoke  D;im 
tailwater,  Massachusetts,  was  studied  in  197F  (Jefferies  197^*).  The 
frequency  of  occurrence  of  fish,  insects,  and  crayfish  in  largemouth 
bass  stomachs  was  88.9',  1(^.1,  and  7.8  percent.  Fish  (spottail  shiners) 
made  up  93. ■*  percent  and  crayfish  5-3  percent  of  total  food  volume. 

The  largemouth  bass  selected  spottail  shiners  over  A1 osa  spp. 
fmnllmouth  bass  stomachs  contained  fish,  insects,  crustaceans,  and 
fjolecypods.  Fish  made  up  percent  of  the  stomach  contents,  crusta¬ 
ceans  35  percent,  and  pelecypods  ?0  percent.  In  largemouth  bass 
collected  below  Norris  Dam,  Tennessee,  ^42  of  53  stomachs  examined  were 
empty.  Apparently  the  cold  t.ailwater  did  nict.  provide  good  bass  habitat 
since  the  fird;  oxhibi  t.ed  ni.'  growtli  (Ksclimcyer  10^*^',  Eschmeyer  and 
Mangos  19)t5). 

ItT'l.  Reproduction  of  black  basses  in  tailw'iters  is  not  well  docu¬ 
mented.  Tliore  is  no  dociuncnted  reprof.jcti on  of  smallmouth  bass  in 
itiuth  Ho]  sl,on  tailwater,  Tetmossee.  No  ,i\)vonile  bass  wore  captured  in 
this,  tailwater  and  riaiiy  adult,  females  from  a  November  1953  collection 
li.ad  rer.oi'bed  their  eggs  (Pfitzer  1982).  Young-of-the-year  largemouth 
b.ass  were  the  most,  abundant,  oentr.archid  in  collections  taken  in  1965 
below  Beaver  Dam,  Arkans.as.  Howeve)’,  it  is  not  know:  whether  these 
tM  s.h  were  ]iroduceii  ii.  the  tailwater  or  had  moved  out  of  the  reservoir 
:l1’ovc.  In  I9t'6,  no  largemouth  bass  adults  or  juveniles  were  captured 
In  t.ailwater  (Brown  1967). 

580.  'lencT’al  1  y ,  colei  taiJw.aters  do  not  provide  good  bass  habitat, 
him  i  ted  bas.s  fisheries  li.ave  developed  below  some  (i.-rms,  but  fish  harvest 
usually  j’emains  low.  f.uccossful  ba.ss  fisheries  arc  usually  found  in 
w.'irm  t,a i  Iw.ater s.  witli  backwaters  or  other  sheltered  areas. 

5'rue  sunf  i  s.iie:'. 

581.  '.’’tie  triost  (rommon  of  t.he  "true  sunfishes"  (a  l.erm  applied  here 
t.o  t.iu'  T.epomi  s,  S]5.  of  the  family  Centrarchidae )  occurring  in  tailwaters 
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are  the  bluef’iili,  f^reen  sunfish,  and  longear  sunfish.  Also  included 
in  this  section  is  the  rock  bass.  Other  true  sunfishes  may  be  locally 
abundant  in  tailwaters,  but  their  life  histories  are  generally  similar 
to  those;  described. 

Habitat.  The  bluogill  is  common  in  the  deeper  pools  and 
backwaters  of  streams,  and  in  lakes,  ponds,  and  reservoirs.  It  is 
intolerant  tif  continuous  high  turbidity  and  siltation  and  th)'ives  best 
in  wai-m,  ipiiet-water  areas  witti  some  aquatic  vegetation. 

U83.  'i'he  gi'cen  sunfish  tolerates  a  wide  range  of  conditions,  but 
does  best  where  few  other  sunfishes  occur.  Tt  is  adaiitable  for  survival 
in  fluctuating  env Lrotiments ,  since  it  tolerates  extremes  of  turbidity, 
dissolved  oxygen,  temneraiiu’e ,  and  flow. 

U8)i.  Tlie  longear  svuifish  is  characteristic  of  clear  streams  with 
sandy  or  rocky  bottoms  and  permanent  flow.  Tt  is  more  common  in 
.-.treiLnis  than  in  large  rivers.  I, ike  other  sunfislies,  it  avoicis  strong 
currejit.r  and  is  usually  found  in  pools  and  backwaters  adjacent  to  the 
s‘ rerc-,  channel.  In  most  environments,  wVien  longear  sunfish  are  common, 
gre  ■!.  .nfi  sti  are  f'-w. 

.  'i’iic  r-'ck  bass  commonly  occurs  in  stresims.  Permanent  flow, 

!  w  ■  a 'd  i  ,i  i  i  y  .  'ibundant  cover,  and  silt-free  b(,ittoms  are  its  basic 
;  g  is.  usual  ly  found  near  boulders,  submerged  logs,  and 

■  ■  ;•  wiie'fe  i.ht-ro  is  a  slight  tc'  mi)(lcrate  current.  A  deep  rocky 
a  ;  i  '  i  ■  a  i  cl  y  bi'l'w  a  riffle  is.  a  favored  spot.. 

'I'a  .  Re:  r-  ■  luctioii.  'i'he  true  s.unfishos  appear  to  have  similar 
srawnin.c  habits..  I’is-h  begin  nesiinf'  in  the  spring  when  water  tompera- 
t  lif-cs,  ata-  ah  ajt  .’l”r.  flpawning  I'eaehes  .a  peak  in  June  but  often  con- 
tiTiui's-  int.o  Ausus.t  .  rh'sting  occurs,  on  almost  any  type  of  bottom,  but 
(U'avel  is  I  fc  I'l'rrckl .  Hest.s.  are  usually  in  water  0.8  to  0.6  m  deep  and 
cnnsi:-t,  of  r.rind  1  .'-.h  cessions  with  a  diruiieter  about  twice  the  length 
of  t.he  male  lai'cnt.  Many  nests  are  commonly  close  together  and  in  a 
limited  a.rea,.  The  green  sunfish  is  less  colonial  than  some  of  the 
other’  s, unfishes,  in  its.  nesting  habits.  The  male  guards  the  nest  until 
the  eggs  hateh  but,  does  not  guard  the  fry  once  they  leave  the  nest. 
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Because  of  their  similar  spawning  habits,  the  various  sunfish  species 
often  crossmate  and  produce  hybrids. 

^(87.  The  nesting  season  of  the  rock  bass  coincides  with  that  of 
the  smallmout}]  bass  and  precedes  that  of  the  sunfishes.  Nests  have  been 
observed  as  early  as  the  first  week  of  April  and  as  late  as  early  June 
in  Missouri,  but  in  any  given  year  the  season  seldom  lasts  more  than 
one  month  (Pflieger  1978).  Nesting  begins  when  stream  temperatures 
range  between  1.'’.8  and  1S.6°C.  Tlie  male  rock  bass  fans  out  a  saucer¬ 
shaped  depression  :’00  to  ;190  mm  in  diameter  over  a  bottom  of  coarse 
sand  or  gravel .  Nests  are  in  water  from  0.8  to  1.8  m  deer),  usually 
near  a  bouldei'  or  otiier  large  object,  and  often  wliere  there  is  a  slight 
cui-rent.  The  rock  bass  is  a  solitary  nestor,  in  cotiirast  to  the  true 
sunfisiies,  which  tend  to  nest  in  colonic;:. 

1*88.  Food .  The  diets  of  true  ;'un  fishes  an(i  rock  bass  are  gener¬ 
ally  simi  lai’.  Young  of  the  year  feed  on  snopl ankton  ai,  i  immature 
aquatic  insects,  and  older  fish  on  aquatic  insects,  supplemented  with 
small  fish,  crayfish,  and  snails.  Feeding  is  most  intense  during  the 
early  morning  and  in  the  cvctiing. 

'  "'9.  Ago  and  growtii.  Grnui.h  of  the  bluegill  varies  considerably 
from  one  body  of  water  to  anot.iier.  Growth  is  usually  slower  in  streams 
th.'in  in  poruis,  lake.s,  or  raaservoir.s .  In  no.st  Missouri  waters,  the 
bluegill  reaches  a  length  of  180  mm  and  a  weight  of  about  70  g  by  the 
etui  of  its  third  or  fourth  tnunmer  of  life.  A  215-mm  bluegill  weighs 
about  ff'i  g.  Bluegllls  commonly  retich  a  length  of  2^40  mm  and  a  weight 
of  jiiO  (Pflieger  1078). 

hon.  TiiL'  green  stinfish  tiit.ain:;  lengths  of  about  ^43,  8l ,  119,  150, 
and  108  mm  -it  an  age  of  1  through  5  years,  in  the  Salt  River,  Missouri 
(idirkft.t  lOft’a).  A  180-mm  green  sunfish  weighs  about  85  g;  few  indi¬ 
vidual. a  t'xcfi'i!  ;i  I'^ngth  of  P30  mm  or  a  weight  of  3^0  g. 

891.  1  ti  Mi;-,r.otiri  streams,  the  longear  sunfish  attains  a  length  of 

about  83  mm  it.;-,  first  year  and  6I4 ,  91,  109,  122,  and  1?7  mm  in  succeed¬ 
ing  year;:  (T'urkett,  1988b).  The  mtiximiun  length  and  weight  are  about 
17'.’  mm  aiiii  128  />:. 
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Ug? .  Rock  bas'.r,  from  Ozark  streams  in  Missouri  average  mm  in 
lengtli  by  the  end  of  their  first  year  of  life  and  attain  lengths  of  86, 
lliO,  178,  003,  and  016  mm  in  succeeding  years  (Purkett  1958a).  Few 
live  more  Lluui  5  or  6  years,  but  they  commonly  attain  a  length  and 
weight,  of  up  to  280  mm  and  g. 

■i9i.  In  summary,  growth  of  the  true  sunfishes  varies  considerably 
f'" 'in  one  water  body  to  the  next,  and  stunting  occurs  in  crowded  popula¬ 
tions  or  wiiere  water  i''  continuously  turbid,  Oenerally  the  bluegill , 
rock  bass,  and  green  sunfish  attain  the  largest  size. 
true  sunfishes  in  tailwaters 

't9‘i.  Tile  abundance  of  sunfishes  in  tailwaters  is  variable  and 
depends  on  recruitment  ami  tiie  available  habitat.  The  occurrence  of 
sunfii'hes  in  tailwaters  below  Tennessee  Valley  Authority  srorage  reser¬ 
voirs  W'ls  found  to  depend  on  fish  j>resent  in  the  river  before  impound- 
iiu'iit ,  ^ish  entering  the  t  ailwat.er  from  the  reservoir  above,  and  migra- 
li  n  into  t.he  tailwater  from  tributary  streams  or  reservoirs  downstream 
(r*'it'.’,er  1962).  Cavender  ond  Crunkilton  (197^0  reported  bluegills  and 
will  tc  cf.'ippies  beita'  carried  )ver  the  s.nillway  of  Hoover  Dam,  Ohio, 

■i.nci  establi.'dnng  .small  popul  .a  t,  i  onr.  in  the  tailwater.  Bluegills  were 
■alsi'  periodically  transport.ed  over  spillways  into  the  tailwaters  of 
I'rieville  Lake  and  Wye  Lake,  Maryland,  and  Loramie  Lake,  Ohio  (Clark 
19^*2;  Kiser  I960). 


h9^’.  Sunfishes  generally  ('refer  areas  witli  instream  cover,  low 
cu2-rents,  and  maximum  water  temperatures  above  21°C.  Sunfish  popula¬ 
tions  are  ursially  dejii'essed  in  tailwaters  that  are  cold,  or  have  high 
turbidity  or  little  instream  cover.  Bluegills,  longear  sunfish,  and 
green  ;'unfir.)i  wei-e  collected  in  Norfork  tailwater,  Arkansas,  in  1950 
(reservoir  impounded  in  19^^‘),  hut  were  lacking  in  collections  made  in 
1959  (Hoffman  and  Kilambi  1970).  Brown  (196?)  found  several  sunfishes 
in  the  same  drainage  below  the  newer  Beaver  Dam  in  1965  (reservoir 
impounded  in  1961).  Apparently  several  years  are  required  before  the 
reduction  in  temperature  eliminates  sunfishes  from  these  cold 
t.-i  i  i  watcr.s  .  Table  Rock  tailwater  (Lake  Taneycomo),  Missouri,  was  con¬ 
verted  from  a  warm  to  a  cold  tailwater  when  hypolimnetic  discharges 


138 


were  begun  in  1959.  Bluegills  were  the  only  warmwater  species  to  re¬ 
main  abundant  after  the  change  to  cold  water.  Most  of  the  bluegills 
were  captured  at  the  downstream  end  of  Lake  Taneycomo,  where  solar 
warming  and  some  thermal  stratification  occurred  (Fry  and  Hanson  1968) . 
Bluegills  and  longear  sunfish  composed  over  50  percent  of  the  total 
numbers  of  fish  collected  by  electrofishing  in  Nolin  tailwater, 

Kentucky,  in  1965  and  I966.  The  abundance  of  sunfishes  in  the  tailwater 
was  due  primarily  to  export  of  fish  from  the  reservoir  above  (J.  P. 
Cai’ter  1968b) .  A  change  from  epilimnetic  to  hypolimnetic  release  and 
the  stocking  of  trout  in  the  tailwater  in  1970  and  1971  resulted  in  a 
reduction  of  the  sunfish  harvest.  The  sunfish  catch  from  I968  to  1971 
declined  from  79.^*  to  10.7  percent  of  the  total  number  of  fish  caught 
and  from  1*1*.6  to  3.*+  percent  of  the  total  fish  weight  (Charles  and 
McLcmore  1973).  Reports  of  sunfishes  in  other  cold  tailwaters  are 
limited.  Bluegills,  green  sunfish,  and  redear  sunfish  composed  only 
5  jiercent  of  the  1975  fish  community  in  Dale  Hollow  tailwater,  Tennessee 
(Bauer  1976). 

1+96.  Studies  on  several  warm  tailwaters  suggested  that  sunfishes 
can  be  important  in  the  fishery.  Bluegills  were  estimated  to  be  8,  12, 
and  13  percent  of  the  angler  catch  at  Lake  of  the  Ozarks,  Pomme  de 
Terre,  and  Stockton  tailwaters,  Missouri.  Both  Lake  of  the  Ozarks  and 
Pomme  de  Terre  have  epilimnetic  discharges,  resulting  in  maximum  water 
temperatures  of  about  29°C  (Hanson  197^).  A  highly  significant  corre¬ 
lation  between  total  annual  discharge  and  annual  average  catch  rate 
was  found  at  Pomme  de  Terre.  Hanson's  findings  agreed  with  the  con¬ 
clusions  of  Moser  and  Hicks  (l970)  that  tailwater  fisheries  are  sup¬ 
ported  by  fish  from  the  reservoir  (Hanson  1977).  Carter  (1969)  stated 
that  sunfishes  in  the  Barren  taiJ water,  Kentucky,  were  more  abundant 
when  water  was  released  from  the  epilimnion  rather  than  from  the 
hypolimnion.  The  warm  water,  in  combination  with  the  abundant  instream 
cover,  accounts  for  the  increase  of  sunfishes.  Of  the  fish  seined 
below  Lake  Carl  Blackwell,  Oklahoma,  15  percent  were  sunfishes  (longear, 
(irangespotted ,  and  green).  The  longear  sunfish  was  most  abundant  in 
July  wiien  it  was  favored  by  reduced  turbidity  and  stabilized  flows 


below  the  dfun  (Cross  1950l .  Not  all  warm  tailwaters  provide  good 
sutifish  habitat.  Moser  and  Nicks  (19T0)  found  that  sunfishes  made  up 
only  1.9  percent  of  the  fish  biomass  and  3.0  percent  of  fish  numbers 
in  the  stilling  basin  of  an  Oklahoma  reservoir.  Lack  of  covei’  may  have 
been  I'esponsible  for'  the  low  abundance  of  sunfishes.  Fritz  (1969) 
i-eported  that  bluegills  made  up  ^4 . k  ])ercent  and  green  sunfish  2.6  per¬ 
cent  of  the  angler'  catch  in  Carlyle  tailwater,  Illinois. 

1497.  Sunfisties  are  important  to  the  fisheries  in  some  cool 
tailwatei's.  Longear  sunfish  was  the  most  common  species  taken  by 
nnglei's  in  Broken  Bow  tailwater,  Oklahoma  (36  percent  of  the  catch),  and 
was  second  in  biomass  (l7  per'cent).  However,  more  longear  sunfish  were 
captured  in  t.he  I’ivei’  above  the  reservoir  than  in  the  tailwater.  Weekly 
temperature  means  averaged  3.6°C  lower  in  the  tailwater  than  in  the 
I’iver  upsti’enm.  Apparently  the  cool  water-  and  fluctuating  flows  in¬ 
fluenced  tire  harvest,  of  sunfishes  in  this  tailwater  (Andrews  et  al. 
197^*).  Ca.vender  and  Crunkilton  (19710  I'eported  that  a  small  concentra¬ 
tion  of  rock  bass  exists  in  Hoover  tailwater,  Ohio;  t.he  authors  be¬ 
lieved  Llial.  the  i'o,'k  bans  st.ay  in  the  tailwater  bt-cause  of  the  abun- 
i.'.incc  of  foj-,'tgc>  fish  :ni(l  (-r'.ayfis}). 

A96.  The  fo 'd  habit. s  of  bluegills  and  longear'  surrfish  from  Wilson 
ikun  tailwatei',  Tenne.'.sec ,  were  s'..udied  in  t.he  spr'ing  of  1977  (Warden 
.'ind  Hubert  1977).  Fir.h  eggs  m.ade  up  67.2  percent  of  the  total  number 
of  food  it.ems  .'uift  '.)9.2  percent,  of  t.he  total  volume  in  bluegills,  and 
f6.1  jici'ctuit.  by  nuinbei'  and  3.7  pet'cent  by  volume  in  longear  sunfish. 
Inr.octs  were  .'ibundant  in  the  stomachs  of  both  species.  Insects  ac¬ 
counted  for  27.1  percent,  by  number  and  32.1  fiercent  by  volume  of  food 
items  in  bluegills,  and  23.0  I'ercent  by  number  and  22.2  percent  by 
volume  in  longear  sunfish.  Insects  eaten  were  of  the  orders  Diptera, 
Coleopter.a,  and  Trichoptera  and,  of  these,  chironomid  larvae  and  mayfly 
nymphs  composed  90  percent  of  the  total  number  and  volume.  Other  items 
found  in  the  stomachs  were  decapods,  larval  fish,  ienpods,  mollusks, 
arachnifls,  .and  annelids. 

h99-  Grovrt:,h  of  bluegills  in  Hartwell  tailwater.  South  Carolina, 
did  not  va.ry  from  that  of  fish  downstream  or  from  those  captured  in  an 
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unirapoutided  control  stream.  Apparetitly  temperature  fluctuations  and  a 
temperatuj'e  I'ange  of  6.1  to  l6.8°C  in  the  Hartwell  tailwater  did  not 
adversely  affect  growth  (Dudley  and  Golden  197^),  although  Fry  and 
Hanson  (1966)  stated  that  growth  of  warmwater  fish  (including  bluegills) 
was  1-educed  in  a  cold  Missouri  tailwater  (discharge  temperature  ^4.^- 
19.6°C). 

Grapples 

500.  The  white  crappie  and  black  crappie  may  both  occur  in 
tailwatei's,  and  they  have  similar  life  histories. 

901.  Habi tat .  White  crappies  are  found  in  ponds,  lakes,  reser¬ 
voirs,  ;iiui  sl(,iw-moving  streams  and  rivers.  In  reservoirs,  they  are 
often  found  in  area.s  having  standing  timber  or  other  cover,  and  at 
other  times  they  frequent  deeper  watei-,  commonly  ^iccurring  at  depths 
of  h.6  m  or  more.  Young  crappies  are  often  found  over  open  water  of 
cons  itierable  depth.  In  streams,  tlie  wlilte  crappie  is  most  abundant  in 
the  deeper  pools  or  in  backwater  areas  away  from  the  main  current.  It 
avoid.s  stre.'utis  that  are  excessively  tur'bid  and  those  kept  continuously 
cool  by  flow  from  springs. 

.  The  black  crappie  requires  habitat  similar  to  that  of  the 
white  crappie  except  that  it  is  less  tolerant  of  turbidity  and  silta- 
tion.  In  reservoirs,  the  black  crappie  is  noticeably  more  abundant  in 
embaymentr.  fed  by  the  clearer  streams.  In  streams,  black  crappies 
require  clear  water,  absence  of  noticeable  current,  and  abundant  cover. 

hOlS.  ReTU’oduction .  Crappies  begin  spawning  in  April  or  May, 
when  the  water  t.emperature  rises  to  about  15.6°C.  In  reservoirs, 
spawning  occurs  in  shallow  areas  of  coves  protected  from  wave  action; 
many  tu’nts  arc  sometimes  concentrated  in  the  same  cove.  Nests  are 
prepnrecl  by  the  male  on  a  variety  of  silt-free  substrates  in  water  0.1 
t(^  6.0  m  dcer>.  Cites  with  rif^arby  logs  or  other  large  objects  are 
favc'fod  locations  for  nests.  The  location  of  the  nest  is  indicated 
only  by  the  presence  of  the  male.  Eggs  hatch  in  about  3  days  and  the 
fry  remain  in  the  ries!  Severn,!  more  days.  Fry  do  not  school  after 
leaving  the  nest. 
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50Ik  Food.  The  diet  of  young  crappies  consists  mainly  of  zoo¬ 
plankton,  and  that  of  adults  includes  zooplankton,  aquatic  insects, 
and  small  fish.  The  proportions  of  these  food  items  in  the  adult  diet 
vary  vith  locality,  season,  and  age  of  the  fish.  Small  gizzard  shad 
and  threadfin  shad  are  important  foods  of  adult  crappies  in  many  reser¬ 
ve!  rr> . 

'iOd.  Ago  and  growth.  According  to  Carlander  (197TK  the  average 
calculated  total  lengths  of  white  crappies  at  ages  I  to  VT  from  all 
areas  of  the  United  States  are  78,  158,  213,  257,  290,  and  30U  mm. 
Average  weiglit  of  a  if-year-old  white  crappie  is  about  300  g. 

506.  Growth  in  length  of  black  crappies  is  generally  less  than 
that  of  white  crappies  in  the  same  waters  (Pflieger  1975).  However, 
since  tlie  black  crappie  is  iieavier  at  any  given  length  than  tiie  white 
crappie,  gi-owth  in  weight  differs  little  between  the  two  species.  Few 
crappies  live  more  than  ^  or  years,  but  occasional  individuals  live 
as  long  as  8  or  9  years.  Maturity  is  reached  during  the  second  or 
third  summer  of  life. 

Crappies  in  tailwateiT. 

507.  White  crappies  arid  black  crappies  are  important  in  many 
tailwater  fisheries.  When  crappies  are  abundant  in  a  reservoir,  they 
are  often  carried  through  the  d.'im  and  remain  in  the  tailwater.  Crappie 
abundance  in  a  tailwater  appears  to  be  affected  by  water  temperature, 
season,  and  type  of  dam  discharge. 

508.  Crappies  are  often  abundant  in  warmwater  tail waters  and  can 
(.•ontribute  substantially  to  the  fishery.  White  crappies  were  estimated 
to  make  up  56  jiercent  of  the  angler  catch  at  Lake  of  the  Ozarks 
tailwater,  Missouri,  in  1965-7^.  A  high  correlation  was  found  between 
estimated  number  of  fish  caught  and  the  number  of  days  the  flood  gates 
were  ojien  at  the  dam  (Hanson  1977).  Crappies  were  estimated  to  be  Ul 
an  1  5^^  r)ercent  of  the  number  and  35  and  h9  percent  of  the  weight  of  the 
fir.h  taken  by  snoT-t  fishermen  during  warmwater  releases  at  Barren  and 

M  l  in  t.ailwatcrs,  Kentucky,  in  1970  and  1971  (J.  P*  Carter  1968a; 

Carter  lQh9).  J.  P.  Carter  (1968a)  reported  that  before  reservoir 
ern, .U  ruct i on  in  1*^65,  crappie  populations  in  Barren  and  Nolin  rivers 


were  low  and  contributed  little  to  the  fishery.  He  attributed  the 
inci'ease  in  abvindance  after  impoundment  to  fish  that  were  produced  in 
the  reservoirs  and  moved  downstream  through  the  dam. 

509.  The  occurrence  of  fish  in  stilling  basins  below  warmwater 
release  dams  has  been  examined  in  two  studies;  Pfitzer  (1962)  col¬ 
lected  120,000  crappies  weighing  10,88U  kg  from  1.0  ha  of  water  below 
Douglas  Dam  in  Tennessee  on  October  30,  1953;  Hall  and  Latta  (l95l) 
stated  that  23  percent  of  the  fish  found  in  the  stilling  basin  below 
Wister  Dam,  Oklahoma,  in  August  were  white  crappies. 

510.  Several  investigators  have  reported  on  the  movement  and 
seasonal  cfianges  in  abundance  of  white  crappies  in  warm  tailwaters. 

At  Kentucky  Lake  tailwater  in  Kentucky,  3552  white  crappies  were 
captured,  tagged,  and  released  from  January  to  December  1953.  Anglers 
recaptured  113  fish  (3-2  {percent)  of  which  95  (814  percent)  were  taken 
within  1.6  km  of  the  release  site  (Carter  1955a).  A  concurrent  tagging 
study  in  Kentucky  Lake  showed  little  movement  of  white  crappies  (on  the 
basis  of  recaptures  of  5  of  1752  marked  fish)  through  the  navigation 
locks  into  the  tailwater  (Carter  1955a).  Anglers  at  Lewis  and  Clark 
Reservoir  and  its  tailwater.  South  Dakota  and  Nebraska,  returned  Uc 
tags  from  288  white  crappies  tagged  in  the  reservoir.  Of  these,  1.2 

(28  percent)  were  from  fish  captured  in  the  tailwater  (Walburg  et  al. 
1971).  White  crappies  were  :ibundant  in  tiie  tailwater  below  Lake  Carl 
Blackwell,  Oklahoma,  from  October  19**7  until  March  191*8  because  flows 
were  stable  and  many  fish  (‘scaped  from  the  reservoir.  Between 
November  and  January,  139  white  crappies  were  tagged  and  released  in 
the  tailwaters.  Most  tag  recoveries  were  reported  during  the  winter, 
and  were  made  in  the  tailwaters.  High  water  releases  from  the  reser¬ 
voir  during  March  .apparently  caused  the  crappies  to  leave  the 

tailw.ater,  since  only  tw'  f.agged  fish  were  captured  during  the  subse¬ 
quent  spring  and  snmi::<  s  (Cross  1950).  An  increase  in  crappie  abun¬ 
dance  during  fall  19*^'’  at  Barren  tailwater,  Kentucky,  was  associated 
with  the  r.all  renerv<.>ir  drawdown  and  the  high  water  discharge  into  the 
t.ailwat.er  (J.  F.  Cart>?r  1968b).  There  is  a  large  population  of  white 
crappies.  and  black  crappies  in  Hoover  Reservoir,  Ohio,  and  many  young 


ai’L'  ^’ari'led  ovtM'  tlio  spillway  and  inl.o  the  tsiilwat.ef  (Cavender  and 
Crunkilti-'n 

'll!.  The  ehanj'e  i'rem  tiypolimnetie  (eoldwa.ter)  to  epilimnetic 
(warm water)  relenr.e  (or  viee  versa)  at  some  dimis  has  affca’teti  the 
abundanre  ot'  cranju' es  In  tailwaters.  At  Itai’ren  tailwnter,  Kentucky, 
crappies  L-oiniva-.ed  l  and  Tl.b  percent  of  Uic  catcli  diirinf  hyp)olim- 
iiet  ic  releasor,  in  and  ]9^’9^  but  lil  and  K-'t  perc<:.'nt  during  ep’lim- 

aetio  relerise;'  in  lO'i’O  an.i  IO71  (Chai'ler.  and  McLemore  1079).  The 
ixinr !  rue t  i on  ot  Table  Koek  L'.ain,  Mir.s.-'iir i  ,  changed  the  downstream  L.ake 
'iTineycomo  frtaa  a  warmwad  er  tr^  a  coldwater  h.ahitat.  Test  netting  in 
hake  i'aneye.  i:ie  beltu'e  an  I  after  the  coldwater  intrusion  showed  a 
reiuctiei',  in  white  crappic  abundance  ’.h'om  ('.h  to  0.0  I'ish  per  net  day 

and  ii.anson  lOi.J').  Apparently  tlie  co].i  water  made  the  tailwater 
h.abit.a'  Jess  suitable  for  the  white  C7’ai'pie. 

'1.'.  dtnall  crappier  are  ia'i:u:!on  foray, e  for  predatory  fisli.  Combs 
(iO'i'o),  v’no  .-.tudiod  the  diet  o!'  1»'I|  adult  si.riped  bass  collected  f]-om 
t  he  t.ai  Iwater.'  .''t'  Keyst  one  Dam,  Oklahoma,  in  I07I:  thi’ough  I076,  found 
that  ;’reipiL'!!cy  of  occunu'nee  and  nercenta.ge  of  total  volume  of  wlii  te 
cr.appies  in  .m’om.achs  w.ar  10, \  rithi  ''.S  po'oeiit  ,  rer.pecf  ivel.v .  Walburg 
ot  aJ  .  ( 'o.'' r  I )  latpcud.ec;  S  ho  occnrianu'e  o’f  white  crtippies  in  stomachs  of 
wa,rh'yes  rir.d  s.atrgers  collecl'-d  in  !,i;w:  s  and  Clark  lailwtiler,  Cotitli 
D.a,kot.a  and  iielvrar.ka  . 

719.  '’o.'u  .'f  black  lU-appios  !h-om  iiolyoko  Dam  tailwater,  Mas.na- 

ctius.et.t.r. ,  in  10','.’  eonr.isled  la.ost.ly  ,if  rov'tltiil  shiners  .atri  insects 
('.9..',  aiul  .'T.:'  ;ei-cei’,t  of  t  fal  food  volume;;);  the  fi-oquency  of  c'ccur- 
rence  -o’  fisli,  insects,  and  .•.ooplaiikton  in  stomtiehs  was  ,  oP,  and  1(9 
fO'rcent,  j-e.-.pi'et  i  vely  ( Jof  I’eries  107!(). 

'm  ■( .  ruiifii.'s  of  I  he  growth  of  crtippi  os  in  tailwaters  has  receive; 
li'tle  at’eiPi  a:.  Cart.er  (l9‘''hb)  reported  l-htit  wliite  crappies  in 
:9'n‘ ’lei-.y  L'd-tt’  .■'rew  fa.r.t.er  t.han  t  lu'se  in  the  t.ailw.ater.  llefore 
iei-r-wa'or  !•elear,er,  from  :i  Missouri  rer.ervoir  convert.ed  tlie  downstream 
hake  Tanoyeimio  into  :>  coldwat.iu’  habitat  in  l<d'''0,  the  tiverag.e  length  of 
t_y,'ar-  ’i  !  while  erappios  w.as  -i '9'  tm;i,  hut  after  tlie  cli.ange  in  1009,  it 
wa;-  '111;.'  'it  mr;  (Fry  ami  lianson  lOgP). 
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515.  In  a  report  on  crappie  gonadal  development  in  tailwaters, 

0  of  Jh  white  crappies  collected  below  a  Tennessee  dam,  between  July  29 
and  September  1,  19^1,  were  immature;  the  rest  were  ripe,  but  none  had 
spawned.  Apparently  the  cold  water  (<10°C)  had  disrupted  their  repro¬ 
ductive  cycle  (Eschmeyer  and  Smith  19*+3) . 

Percidae  (Perches) 


516.  The  perch  family  is  one  of  the  largest  groups  of  North 
Amer-icfin  freshwater  fishes.  Among  them  are  three  popular  game  fishes — 
walleyes,  saugers,  and  yellow  perch — and  a  large  number  of  smaller 
fishes  knowi^  collectively  as  darters.  The  three  game  fishes  are  repre¬ 
sented  in  Europe  by  the  same  or  closely  related  species.  The  darters 
.'i‘"e  native  only  to  North  America. 

5Tr.  The  closely  related  walleye  and  sauger  both  occur  in  rivers 
:i,nd  ai-e  important  it,  some  tailwaters.  The  yellow  perch  is  most  often 
found  in  laker,  but  it  is  also  abundant  in  backwaters  of  large  rivers. 

It  is  selciom  found  in  small  streams  and  usually  does  not  occur  in 
tailw.-iters  and,  therefore,  is  not  discussed  further  here.  Darters  are 
adjipted  for  life  in  swift-flowing  sections  of  clear,  rocky  streams  and 
are  common  inhabitants  of  many  tailwaters.  The  percids  are  discussed 
undei'  two  groups — (a)  walleyes  and  saugers,  and  (b)  darters. 

V/alleyes  and  Gangers 

51 B.  llabi tat .  Walleyes  and  saugers  inhabit  the  open  water  of 
large,  stiallow  lakes  on  slow-flowing  rivers.  The  habitat  requirements 
of  the  two  species  ,'ire  simil.ar,  except  that  the  sauger  is  more  tolerant 
of  hirii  turbidity  and  is  often  found  in  areas  with  strong  current.  The 
sauger  is  more  common  in  habitats  with  silted  bottoms,  whereas  walleyes 
prefer  habitats  with  gravel,  bedrock,  and  other  types  of  firm  bottom. 
Tubb  et  a].  (1965),  who  studied  fish  distribution  in  the  Sheyenne  River 
in  North  Dakota,  found  walleyes  in  pools  0.9  to  5.5  m  deep,  but  most 
commonly  in  pools  deeper  than  2.1i  m. 
pool,  which  was  2 .  m  deej). 


The  sauger  was  taken  in  only  one 


The  saucer  feeds  more  actively  during  the  day,  whereas  the 
walleye  is  more  crepuscular.  The  walleye  is  light-sensitive  and  is 
usually  found  in  deepwater  pools  during  the  day,  especially  when  water 
is  clear.  Both  generally  occur  in  loose  aggregations  of  a  few  to  many 
individuals.  They  range  over  a  wide  area,  rather  than  restricting 
activitie;'  to  a  definite  home  range. 

BaO.  ?u-pr;:)duct i on .  Spawning  occurs  at  night  over  a  2-week  period 
in  tine  spring  when  water  temperature  exceeds  5.6°C.  Spawning  is  com¬ 
monly  preceded  by  movements  out  of  larger  rivers  and  reservoirs  into 
tributaries,  tlie  males  moving  to  the  spawning  grounds  before  the 
females.  There  is  some  evidence  that  these  species  tend  to  return  to 
a  "home"  spawning  area  in  successive  years.  Spawning  occurs  on  riffles 
or  rocky  areas  below  dams  in  streams  and  along  rocky  waveswept 
shorelines,  In  lakes  and  reservoirs.  Females  are  accompanied  by  several 
m.a.les  d.uring  srawi:ing,  and  eggr>  are  scattei’ed  at  random.  The  adhesive 
s'ggs  stick  to  the  substrate,  and  hatciiing  occurs  in  12  to  l8  days, 
Lii'pending  on  water  temperature.  Newly  (latched  larvae  are  semibuoyant, 
and  tlicse  produced  in  stretuns  tire  therefore  subject  to  downstream 
t  ransport . 

h.M  .  Food ■  t'tnail  crustticeans  and  insects  are  the  food  of  walleye 
titri  stiugcr  fry.  insects  are  a  significant  food  item  throughout  life, 
but  fisii  are  the  lu’ineipal  food  oi'  tidults.  They  apparently  eat  any 
species  of  fish  readily  tivai  Itibl  o  to  iltem. 

I.'’:'.  Age  and  growtl;.  'idle  stiuger  grows  moi-e  slowly  tlian  the 
walleye  and  tioes  not  attain  as  large  a  sine.  Fish  from  the  northern 

;',irtion  of  tlie  range  grow  slower  tuid  live  longer  than  those  from  more 

soutnern  waters.  Females  attain  g.reater  lengths  and  live  longer  than 
males.  Newly  htitched  Itirvae  of  both  species  are  only  about  7  to  8  mm 

in  length,  hut  under  ideal  conditions  may  attain  lengths  up  to  FSt  mm 

by  tlie  end  of  tin'  firs.t  year.  Pflieger  (1979)  reported  that  the 
Mverag''  length  of  wal  Leyes  I'l'om  tlie  Current  River  in  Missouri  is  200  mm 
tit  the  end  o'’  the  first  year  tind  6l  0  mm  tit  t.he  end  of  the  seventli  year. 
T!ie  usual  I  i  ;'e  spaa  is  7  oj’  yetirti,  but  much  older  individuals  are 
not.  uncomnKin . 

1  no 


523.  Vasey  (196t)  reported  that  the  saugers  in  the  Mississippi 
River  in  Iowa  reach  a  length  of  1^)5  mm  in  the  first  year  and  515  mm 
aftei-  the  seventh  year.  The  usual  life  span  of  saugers  in  the  South 
is  5  or  6  years,  but  some  live  to  12  or  more  years  in  Canadian  waters. 
Walleyes  and  saugers  in  tailwaters 

52ii.  Walleyes  and  saugers  commonly  occur  in  tailwaters  below  dams 
in  many  river  systems.  Their  occurrence  is  often  seasonal,  caused  by 
the  blockage  of  upstream  migration  or  passage  downstream  from  the  reser 
voir  above.  Concentration  of  prey  fishes  attracts  walleyes  and  saugers 
to  tailwaters. 

525.  V/alleye  nirribers  have  increased  below  a  number  of  dams  in  the 
years  following  constructitui.  They  are  the  second  most  numerous 
species  in  East  Lynn  Lake  tailwriter.  West  Virginia  (Pierce  1969).  They 
have  incre.'iscd  in  abundance  in  Summersvillc  tailwater.  West  Virginia 
(Goodno  1975)  ;  below  foui-  hydropower  impoundmei;ts  on  the  Au  Gable  River 
Michigan  (Richards  1976);  and  in  the  tailwater  below  Stockton 
hydropower  dam,  Missouri,  where  they  comj'osed  28  jiercent  of  the  catch 
by  anglers  in  197^  as  compare. 1  with  only  9  percent  in  1972  (lian.'on 
197M. 

5?6.  Saugers  are  highly  migratory,  moving  upstream  as  much  as 
380  km  in  ]  81  days,  through  the  n.avigation  locks  in  the  Tennessee  River 
main-stem  d.am:;  (Cobb  I96O) .  Blockage  of  upstream  migration  has  ps'o- 
vided  significant  winter  .and  spring  fisheries  in  most  warm  main-stem 
d.'un  t.ailwators  and  in  r.ome  etd  i  tributary  dam  tailwai.err  oii  tlie 
'i'eniiessee  River  system  (Pfitser  19b2).  An  estimated  88,703  saugers 
were  caught  be;  ween  iJovember  1989  and  March  i960  in  Pickwick  D.'im 
L'iilwater  (Tren.ary  196.'^).  Cobb  (i960)  ref^-irted  there  was.  no  ranger 
fishery  in  the  Tetines.seo  River’  unt.il  the  main-stem  dar’i.s  w.’r»'  c;  ti- 
r.tructed . 

527.  The  sauger  fisherie;-.  in  cold  tributary  t.’ii  Iwat  err,  of  tiie 
Tennessee  River  system  are  girner.ally  s.maller  th.an  those  bel  w  the 
main-stem  d.-uns.  Fei-ioiiically  some  s.-mgers  riigr.ate  upr.tream  from  Watts 
B.ar  Reservoir  :ind  coTi,-re/’'.'ite  in  tiic  cold  Noi-ris  t.ailw.ater  (Eschmeyer 
19^+^;;  E.''.climeye?’  and  Marjgi's.  lO’th).  Large  mUTihers  •  !'  saugers  were  also 
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i-auj'ht  in  t.lie  unpe)-  :'3  kri  of  the  cold  Chilhowee  D;iin  tailwater  on  the 
[.Lt.tle  '''enno'jnoe  Kiver.  In  and  I965,  moot  were  taken  from 

noct-ii.bor  t;  March  and  com]>osed  I6  percent  of  the  creel.  Tn  the 
downct.re;uii  f^ortii'n  of  the  tailwater,  fit  to  !)6  km  be].ow  the  dam,  saucers 
were  lens  abundant  tiian  in  t}ie  Immediate  tailwater,  but  constituted  80 
percent  of  t  he  anrtiers'  catch  (Boles  19(^9)  • 

fM8.  rassar.e  of  fish  over  dams  from  reservoirs  u]a-.tre:im  is  also 
imjx'rta.nt  in  establ  i  shinf^  walleye  and  sauger  fisheries  in  tailwaters. 

Ati  est.imate<i  LQ,10.''’  walleyes  passed  into  an  Ohio  tailwater  over  a  9- 
year  peI^i^'d  (Arrnbruster  LOfaM).  A  large  perceiit.age  (Af  percent)  died 
f>'om  brokei;  backs  and  iTessiu'c  damage  while  passing,  through  or  over  the 
d;u>i,  but  18  percent  suia'ived  passage  into  t)ie  tailwater.  Of  tag  re¬ 
coveries  from  walleyes  tagged  in  the  reservoir,  10  percent  c.'une  from 
t.lie  tailwater.  Studies  on  the  Missouri  Kiver  have  shown  that  large 
numbe2’s  of  young-of-the-year  walleyes  and  saugers — up  to  700,000  in 
f'l  liours — moved  out  i)f  Lewis  and  Clai’k  Lake,  Si'uth  Dakota  and  Nebraska, 
and  into  the  tailwater  (Walbvu'g  1971).  Mark-and-recapture  studies 
Lnriiivited  that  some  adul'  saugers  also  move  from  the  reservoir  into 
the  tailwater  (Walliurg  et.  al.  1071).  Additionally,  t die  tailwater 
walli'y'O  fisher ier,  in  IKxover  l.rtilwater,  Ohio,  and  Canton  Rcsei'voir 
tailwater,  Oklalioma,  are  the  result  of  thi'  exj>ort  of  fish  from  the 
reserve. i.c  (Moser  and  Hicks-  1970;  Cavendcr  and  Crunkillon  197M  •  A 
related  species,  the  Volg-a  pikc-perc!i,  ha.s,  increa.sod  in  the  Kuibyshev 
tailwater,  il.f.ioR.,  after  sviccessful  reproducl.i  on  in  t  l;e  I'esei'voir 
( fdi-a  r-onov  lOki'-, ). 

Oilier'  i’a.’t.ors ,  including  water  dcptli  and  t.emT>erat.\ire ,  affect 
tailwater  walleye  and  sauger  fisheries.  The  increase  in  water  depth  with 
a  probable  increase  in  water  temperature  in  the  lower  sections  of  Dale 
Hollcw  t.ai  1  w.af.er ,  Tennessee,  due  to  inundat.ion  by  Coi'doll  Hull  Reser¬ 
voir,  war.  followird  by  the  appear.a.rice  of  both  w.al  leyes  .and  saugers 
( iViuer  1978).  r.port  f  i  sliing  success  for  walleyes  in  Lake  Taneycomo 
t.'i  i  i  w.a  t.er' ,  Mir-soiiri,  in  dependent  on  l.hc  w.at.er  level  of  Bull  fdioals 
Ro-r.ofvoir,  which  inuiKi.-itcs  t.iic  t.ailwater.  Rent  c.atches  occurred  when 
I'.ul  1  fhoal  s  Ror.efvoir  was  0.6  t.o  3.0  m  below  power  pool  level.  Catches 
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invH’for.r.  i  vel  y  iloc.lined  when  water  level;-,  were  either  above  or  below 
tJii;'  raiii'e  (Hanson  19t^9). 

''■'.0.  Wat.er  tempera tui-tn:  in  some  cold  tailwaters  liave  had  a  ne^a- 
l  i  ve  tM'fert  on  walleye  pop'al  at  ions .  Lowered  water  temperature  in  a 
rjorfli  r-irolin.'i  t.-.'ilwater  eliminated  the  walleye  fishery  ( Dendy  and 
.'trcaid  in)(0).  1  ,ow  w.'iter  t.emperature  In  T.-ible  Rock  tail  water,  Missouri, 

!ia:'  al;-.o  affeeted  till'  watlleye  eateh.  A  rapid  t.emperat aire  Inrrease  of 
t.id'p  ill  Pile  tai  Iwat.er  due  to  flc'od  flow:;  spilling’:  eivei’  tlie  dam  rt'- 
r.ulted  i  ti  an  immediate  inereaia-  in  feediiif:  activity  .and  i-ensequent 
inereai'e  in  walleye  e.-ttcfi  (I'ry  19t’''). 

'^'11.  Hepred.uct  i on  of  ;';iu:'er;'  has  Ina-n  adversely  affect  ed  in  some 
v'.'ld  ‘..-i  i  1  w.-it  ('rs .  e.-iuyers  in  .-i  Tennos.s.ee  tailwal.t-r  Inve  shewn  sipns  ef 
reserbine  eye--,,  'flu  s.  w.'is  attributed  to  !  ew  water  t.i^firera  lures ,  which 
were  yenofi- 1  l,v  less  t.h;ui  lO.O'^C  (Kseiuiteyer  ami  .'mith  I'd),'-). 

hi;'.  Flew  ri'f'ulai  ien  can  influeiiee  w.-illeye  repre.hict  1  eii  hundreds 
^'f  !■'.  i  !  emet  re-:;  d. 'Wns.t  i-e-un .  R.'duci'd  winter  fLw.-  fr-'m  iamnet  *  na,in  ('■n 
t.  he  Peace-At  li,'il';i,sea  Mivi-r  in  C.-in.-nl-!  .-i  1 1  ewed  t  tu-  inle'  !  o  l/ike  Ri  eiririis.on 
te  frei'i-.e,  thereby  delaying  aeees.;;  lOf  w.-tlleyi-s.  f  ,>  s.p.-rwn  I  tip  -ire.'is  in  t  Ite 
:;pri.’J/:  ( Pe.-iee-.A  t.hat'.-U'e-i  lielt.-i  Pre/iect  tlr  nu'  id'i;';  deen  Idp!;).  A  s.imilar 
situ-itieu  was.  rt.':'er1.ed  I'elow  t  !;e  V.vl  ('opi-a.l  iiyd  (-. -e  I  ee  t  r  i  e  D.-im,  I'.r.tL!-:. 
Reduced  s.i'riii.e,  fl.'ws.  .-aas.ed  -i  det.er  i  er.-i  t.  i  (->11  .f  p  i  k('-pt.M'eh  s.p.'iwniiif' 
liabitat  f.-ir  iewns.t  rear;  in  the  Volf'-i  Fliver  Pt'lt.-i  on  t.i;e  C-ispian  Pea 
(Pi’li’Va  and  Popf'va,  19Tt‘). 

'.-.'-1.1  el’- 1  evel  f !  iie  t.na  f  J  ons  in  tailwaters.  have  a  nep.ativo  in- 
t’luenee  ell  s.-iur.er  ta-pi-e  !ne'  i  on .  Vear-eia:n’.  st.roiirtli  in  Fort  Randall 
iVi.ri  t., 'll  1  w.-!t  ors. ,  Peuti;  D.-ikid.-i,  was  1'  t.imes  r.reater  in  years  when  water 
levels.  fluct.uated  on  i  y  0..'*  m/day  th.’in  in  years  wiieii  flue  tu.-it  ions  were 
1..';  m/day'  (Hoh'.on  10(1.“').  Apparent.  1  y ,  i-ed.ueed  water-level  fluctuation 
i-es.uit.ed  in  t  er  surviv.'!l  of  eyes  ainl  larvae.  To  increase  sauper 

abuiri.-UK-e ,  V.'-!  !  bu!’:'  (I'l'i';’)  i-oeommeniled  tdiat,  wat.er  reletines  from  Fort 
R-irr:’i!l  I>’i.m  hi-  ne-t  ies.s  than  'd'(>  m  ’/sec  durinp  tiie  spawning  and  epp 
i  lu'ubat  i .  '11  pel-  i .  .  i . 

'  V/alleyes.  have  been  sd. ocked  in  some  tailwaters  where  natural 

re[  ii-o.  ii  i(  ■  t  j  I  I  .ii'.i's,  fiot  occur.  A  ;'(i-km  stret.eti  ef  rivei’  below  the 
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Boysen  Unit,  Dam,  Wyoming,  has  provided  a  good  walleye  fishery  as  a 
result  of  r.t.oi'king  (U.  S.  Bureau  of  Sports  Fisheries  and  Wildlife 
1969).  Hicks  (196^4)  recommended  stocking  walleye  fingerlings  instead 
of  walleye  fry  in  Tenkiller  tailwater,  Oklahoma,  because  of  unsuitable 
sooplankto;)  supplies  caused  by  intermittent  water  releases.  The  recom¬ 
mended  stocking  of  fingerlings  was  apparently  successful,  since  both 
walleyes  and  Gangers  now  occur  in  the  tailwater  (Depjiert  1978). 

S35.  Fooii  liabit.s  and  growth  of  walleyes  and  saugers  in  tailwaters 
are  not  well  documented.  An  ex£imination  of  six  walleyes  collected  from 
Holyoke  D;iin  tailwater,  Massaciiusetts ,  showed  that  fish  made  up  9('  per¬ 
cent  of  the  total  volume  of  food  in  stomachs  (Jefferies  197^0  •  Gaugers 
in  (Hulhowetj  t.ailwatcr,  Tennessee,  preyed  heavily  on  stocked  rainbow 
trout  during  the  spring  spawning  run  (Boles  1989).  Food  of  walleyes 
and  saugers  from  Lewis  and  Clark  tailwaters,  South  Dakota  and  Nebraska, 
oonsi-sted  primaj'ily  of  gir.sard  shad,  emerald  shiners,  yellow  perch, 
white  bar.s,  and  white  crappies  (Walburg  et  al  .  1971).  The  growt.h  of 
walleyes  and  saugers  in  Lewis  and  Clark  Lake  tailwatei'  was  superior 
to  tlind.  in  the  rescT-voir;  for  fish  of  sirai  lai’  lengths,  the  weights  of 
walleyes  and  saugers  were  respectively  7  and  IF  percent  greater  in 
the  t,ailwat('r. 

Ilarter.G 

918.  According,  to  Bailey  et  al .  (1970),  109  species  of  darters 
arc  found  in  the  Unit.ed  Gtater.  and  Canada.  Comparatively  few  are 
mentioned  in  the  tailwater  literature.  A  general  description  of 
darter'  life  history  is  jiresented  because  of  the  large  number'  of 
spec  i  or. . 

917.  Habitat .  Mo.st  darters  are  found  in  clear,  small-  to  medi'iim- 
sised  streams  with  permanent  flow  and  clean,  gravelly,  or  rocky  bottoms. 
They  are  most  often  found  in  the  deeper  sections  of  riffles,  but  also 
K'cur  in  rocky  pools  having  no  perceptible  current.  Gome  species  are 
mor('  tolerant  t.o  tur'bidity  than  others.  The  young  of  most  species  can 
Vie  found  in  pui  et, -water-  areas  associated  with  leaves,  sticks,  and 
' 'I'g'in  i  c  debris. 


S3'^.  Dartern  are  adaiited  for  life  in  swift-flowing  streams. 

They  r.i  nk  linmcnJ  i  ately  to  the  bottom  when  they  stop  swimming,  and  the 
press  of  the  current  against  their  enlarged  pectoral  fins  tends  to  hold 
them  in  place.  Darters  are  usually  found  beneath  or  between  rocks  and 
are  thus  afforded  protection  from  the  direct  action  of  the  current. 

When  moving  from  place  to  place,  they  proceed  by  a  series  of  short 
darts . 

539.  Reproduction .  Most  darters  usually  spavm  in  late  spring 
over  a  sand  or  gravel  bottom  in  water  about  0.3  m  deep  having  moderate 
current.  Eggs  are  laid  and  fertilized  in  a  depression  on  the  stream 
bottom,  where  they  hatch  in  about  21  days  at  21 °C.  Eggs  and  larvae 
receive  no  parental  protection. 

SitO.  Some  darter  species  attach  eggs  to  strands  of  filamentous 
algae  or  aquatic  mosses  and  males  establish  territories.  Breeding 
males  of  still  other  species  seek  out  and  occupy  cavities  beneath 
rocks.  Ripe  females,  enter  1,he  (uavity  and  deposit  their  eggs,  where 
they  a.ihc7'e  to  the  undei’sidc  of  the  rock.  The  male  stays  with  the 
eggs  until  they  hatch. 

'i^rl .  Food ,  D;vt<'r::  arc  carnivorous,  feeding  principally  on 

insects  and  other  small  aquatic  invertebrates. 

9^2.  Age  and  growth.  Lengths  of  adult  darters  other  than 
logperch  usuaj.ly  i-angc  from  oh  to  S9  nim,  with  a  maximum  of  about  100 
mm.  Males  grow  more  rapidly  and  attain  a  larger  size  than  females. 

Mi's.t  are  matui'e  in  the  first  spring  after  hatching  and  few  live  longer 
than  1  yearuu  Tli-'  liigperch,  the  largest  dai'ter,  usually  ranges  in 
length  from  i  02  to  1 '>2  mm,  but  sometimes  attains  17f^  mm. 

Darters  In  tail waters 

')!i3.  Dartei-s  have  not  been  studied  extensively  in  tailwaters. 

They  flfiurish  in  a  variety  of  environments,  and  some  have  become 
•  ■r.t -lb  1  i  r.hcd  in  cold  tailwater-s.  Many  darter  specie.s,  partic\ilarly 
the  oraiif'ettirnat,  iiart('r,  rainbow  darter,  and  logpei’ch,  are  abundant 
in  Beavoi-  t.ailwat.er,  Ai’kansas  (Brown  et  al .  196R’,  itacon  et  al  .  1969; 
Hoffman  and  Ki Iambi  1970).  Their  abundance  may  be  due  to  the  unstable 
comf'os  i  t,  i  <  in  of  t,h<’  fish  pofnilation  in  t.his  relatively  new  tailwater. 


Darter  numbers  are  reduced  in  older  tailwaters  in  the  same  drainage 
(Brovni  et  al.  1968;  iioffman  and  Ki Iambi  1970). 

9^!*.  The  relatively  low  water  temperatures  ( l^J ,  I4-2I .  T°C  ) ,  low 
turbidities,  mixed  gravel-bedrock  substrates,  and  high  dissolved  oxygen 
levels  in  lioovei-  tailwater,  Ohio,  provide  excellent  habitat  for  some 
dariei-  species.  The  logperch,  greenside  darter,  rainbow  darter,  and 
banded  darter  are  all  abundant,  and  tiie  blackside  darter,  johnny  darter, 
an:  fantail  darter  also  occur  there  (Cavendei'  and  Crunkilton  197^) • 

9^*8.  The  logperch,  gilt  dartei’,  and  banded  darter  were  all  abun¬ 
dant,  in  the  cold  Chilhowee  tailwater  in  Tennessee.  The  logperch  was 
also  numerous  in  t.he  i-old  Norj'is  tailwater  (Hill  1978).  The  tessellated 
dn.rter  war,  d,4minant  in  the  cold  Rocky  Gorge  Dam  tailwater,  Maryland 
(Tr-ai  1977).  The  orangethroat  darter  was  the  second  most  abundant 
si'eoies  in  tlie  cold  tailwater  below  Canyon  Dam,  Texas.  The  reduced 
temi'eratui'os  in  ttiis  tailwater  appear  to  have  extended  the  winter  and 
srring  bi-eeding  si.'.'ison  of  this  species,  and  reproduction  now  occuj'S 
tinv^ugiiout  the  year  (Edwards  1978). 

’jhf,.  Only  one  report  on  the  age  and  growth  o:'  (iarters  in 
tai  Iwaterr.  was  found.  Tsai  (l97D),  who  studieii  the  tessellatoni  darter 
in  Rocky  Gorge  D.njn  tailwatei-  in  19^7,  found  that  tiie  mean  r.tandard 
lengths,  c'f  females  at  :iges  T,  TT,  and  III  were  o'),  ^<7,  and  '9'  mm; 
males  were  77  mtn  long  at  age  I  and  90  mm  at  age  IT. 
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Soiaenidae  (Drums) 


hitT.  The  drvun  f:unily  contains  many  important  marine  fislies;  only 
I'M’  is  a  freshwat.er  species,  tiie  freshwater  drum. 

Eresdiv.ater  drum 

'jhS.  iiabi  tat .  This  fish  is  found  in  large,  sl]:illow  lakes  and 
l.'ifge,  slow-moving  rivers.  It  is  usually  found  in  tiie  larger  pools  of 
r.troanis  and  in  lakes  and  reservoirs  at.  dei'ths  of  9-0  m  or  more.  The 
rr<'::hwater  drum  avoids  strong  current,  is  usually  found  near  tlie  bc'ttom, 
■i.nd  is  tolerant  of  high  tm-bidity.  It  is  particularly  common  in  the 
Missouri  and  Mir,sissl]ipi  rivers  and  the  downsti-eam  sections  of  t.hei  r 


majol-  tributaries.  It  is  also  common  in  Lake  Erie  and  in  many  reser¬ 
voirs. 

5^9.  Reproduction.  Sx^awning  of  the  freshwater  drum  occurs  in 
late  spring  oi'  early  summer,  when  water  temperatures  reach  about  18°C. 
opawning  occurs  over  a  period  of  about  6  weeks  (owedberg  and  Walburg 

1970) .  Eggs  are  fertilized  in  the  open  water  and  float  until  hatching. 
They  hatch  in  about  36  hours  at  r’l°C;  newly  hatched  larvae  are  3.2  mm 
long.  The  larvae  ari'  semi  pelagic  until  they  are  at  least  15  mm  long. 

The  wide  distribution  of  the  fresliwater  drum  in  flowing-water  systems 
is  related  to  the  pelagic  state  of  their  eggs  and  larvae. 

550.  Food .  The  diet  of  freshwater  drum,  consists  mainly  of  fish, 
crayl'Ish,  and  inunatiu’e  aquatic  insects;  mollu.sks  are  eaten  if  available. 
Young  of  the  year  eat  mostly  zooplankton  and  chironomids;  as  fish  in- 
ci'ease  in  size,  larger  aquatic  insects  become  important. 

551.  Age  and  grv)wth.  In  Missouri  streams,  freshwater  drum 
average  112  mm  in  length  by  the  end  of  the  firr.t  year  of  life  and  206, 
269,  315,  353,  and  378  mm  in  s\icceeding  years  (Purkett  1958b).  On  the 
average,  a  330-mm  fish  weighs  about  li50  g  and  a  iiOO-mm  fish  about  900 
g.  Most  '.Irum  caugiit  by  fishermen  weigh  900  g  or  less,  but  individuals 
weigiiing  up  to  15.9  kg  ai'e  occasionally  taken.  The  maximum  life  span 
is  at  least  13  years. 

Freshwater  dtaim  in  tailwatoi-s 

552.  The  role  of  fresliwater  drum  in  tail  waters  has  not  been 
studied  extensively.  Several  reports  deal  with  their  occurrence  in 
warm  and  c<ild  tail waters.  They  are  relatively  common  in  the  warm 
Keystiine  Dajti  tailwater,  Oklahoma,  where  they  are  eaten  by  striped 
bass  (Combs  1979)-  They  a.re  abundant  in  Lewis  and  Clark  Lake,  a 
main-stem  Missouri  River  reservoir  on  the  South  Dakota-Nebraska 
border,  and  large  numbers  of  young  of  the  year  less  than  25  mm  long 
pass  into  the  tailwater  with  the  discharge  diu'ing  the  summer  (Walburg 

1971) .  In  spite  of  the  large  numbers  of  young  lost  from  the  reservoir, 
adults  are  relatively  uncommon  in  this  warm  tailwater  (Walburg  ct  al. 
1971).  Apparently  few  of  the  young  carried  downstream  in  the  river 
flow  later  return  to  the  tailwater.  Freshwater  drum  made  up  10  percent 
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of  the  total  sport  catch  in  the  cool  Pomme  de  Terre  tailwater,  Missouri, 
from  1965  through  197^  (Hanson  1977).  They  were  also  common  in  the 
cold  Tenkiller  Dam  tailwater,  Oklahoma  (Deppert  1978).  The  numbers  of 
freshwater  drum  in  a  Missouri  tailwater  have  declined  in  recent  years 
because  watei-  temperatures  have  decreased  since  completion  of  the 
upstream  dam  (Hanson  I969) • 


Cottidae  (Sculpins) 

953.  Tlic  sculpins  are  bottom-living,  primarily  marine  fishes,  of 
arctic  and  tempej-aie  seas;  several  genera  are  found  in  fresh  waters  of 
the  northern  hemisphei’e.  This  discussion  will  be  limited  to  the 
mottled  and  banded  sculpins,  which  occur  in  some  streams. 

Sculpins 

55^.  Habitat .  The  two  sculpin  species  often  occtir  together 
because  their  lU'quirements  are  similar.  T!:e  mottled  sculpin  is  usually 
found  in  streams  with  clear,  cold  water,  in  both  riffles  and  f'ools  with 
bottom  tyi'ies  ranging  from,  silt  to  gravel  and  rock.  Generally,  it  is 
most  abunvlant,  in  cover  such  as  coarse  rock  or  thick  growths  of  water¬ 
cress.  The  baniled  sculpin  tolerat.es  higher  temperatures  than  the 
mt^tt.led  s.culpin  and  Is  the  more  abundant  of  the  two  in  larger  and 
waj'mc-r  s.tre.-imc.  fculpins  livi.’  on  the  bottom,  spending  considerable 
time  lying  motionless  in  one  spi't  and  moving  in  short,  quick  dashes. 

555.  Repro(i\h’tion .  The  mottled  sculpin  spawns  in  the  spring  when 
water  t.empe?’;iturc  re, aches  about  The  adhesive  eggs  are  deposited 

in  clustCT's  of  about.  POO  on  thf'  undersides  of  stones.  The  incubation 
period  is,  to  1  wt.-eks,  and  t.hc  male  remains  near  the  nest  until  the 
fry  disper.se. 

55^’.  Food .  L-arv.al  aquatic  insects  are  the  main  diet  of  sculpins. 
Cottiils  are  predaceous,  but  ttie,y  do  not  feed  extensively  on  eggs  and 
young  of  trout,  as  i  .s  sometimes  claimed  (Pflieger  1975). 

557.  Age  and  growth.  The  mottled  sculpin  is  P8  to  36  mm  long 
when  one  .year  old.  Tt  probably  does  not  mature  until  its  third  or 
fourtii  summer  of  life.  Adult.s  .are  commonly  60  to  90  mm  long  and  the 


maximum  is  about  115  mm.  The  banded  scuplin  is  somewhat  larger.  Adults 
are  commonly  65  to  130  mm  long  and  the  maximum  is  I85  mm  or  more. 
Sculpins  in  tailwaters 


55B.  Sculpins  have  not  been  extensively  studied  in  tailwaters, 
although  they  are  numerous  in  some  cold  tailwaters.  Pfitzer  (I962) 
noted  that  sculpins  became  important  as  forage  in  many  cold  tailwaters 
of  the  Tennessee  Valley  when  the  number  of  minnow  species  declined. 

Botli  the  banded  sculpin  and  mottled  sculpin  have  become  numerous  in 
Chilhowee  tailwater,  Norris  tailwater,  and  Apalachia  tailwater  (Hill 
1978).  The  mottled  sculp  in  is  the  most  abundant  species  in  both  the 
Norfork  and  Bull  Bhoals  tailwaters  in  Arkansas  (Brown  19^'?;  Hoffman  and 
Kilambi  1970).  Sculpins  are  also  abundant  in  the  McKenzie  River  System, 
Oregon,  where  they  are  found  in  the  cold  tailwaters  of  four  hydropower 
facilities  and  one  flood-control  d;im  (Hutchison  et  al .  1966). 

'>59.  Cottids  are  not  found  in  all  tailwaters.  The  mottled 
sculpin  has  disappeared  below  four  hydropowi-.'r  dams  on  the  Au  Sable 
River,  Michigan  (Richards  1976),  and  were  rarely  collected  during  1966 
studies  in  the  cold  Beavei'  tailwater,  Arkansas  (Brown  1967 )  . 

560.  Sculpins  are  highly  susceptible  tc  stranding  during  large 
water  fluctuations  because  of  their  sedentary  behavior.  A  total  of  55 
sculpins  were  found  stranded  in  three  O.Bp-m'  sections  of  the  tailwater 
below  a  Wyoming  d:un.  It  was  recommended  tliat  flow  decreases  not  exceed 
.'.8  mf/sec/tiay,  to  allow  for  firli  migra.tion  out  of  the  area  (Kroger 
1973). 

tol.  Overall,  reductions  in  flow  do  not  appear  to  affect  sculpin 
survival.  Tlie  piute  sculpin  (formerly  eagle  sculpin)  is  one  of  the 
surviving  nat.ive  species  in  t.he  Granby  Dam  tailwater,  Colorado,  in 
spite  <if  large  flow  reductions. 

56P.  Sculpins  appi’.ar  tt'  reproduce  successfully  in  a  nimiber  of 
tailwaters.  The  banded  sculpin  was  t.he  only  fish  species  able  to 
reproduce  in  the  cold  Dale  Hollow  tailwater,  Tennessee;  no  young  of 
the  year  other  than  sculpins  were  observed  (Little  I967).  The  partial 
inundation  of  a  tailwater  by  a  downstreiim  reservoir  beginning  in  about 


19T0  Gerioutily  reduced  the  abundance  of  the  banded  sculpin,  and  the 
r.pecior,  is  now  infrequently  collected  (Bauer  19T6). 

The  food  habits  of  sculpins  in  tailwaters  are  not  well 
known.  The  common  bullhead,  a  cottid  which  occurs  in  Cow  Green 
Lailwatei-  on  the  Tee.s  River,  United  Kinf^dom,  exhibited  a  feeding  shift 
following  impoundment  of  the  reservoir.  The  reduction  of  Plecoptera 
caused  tlie  adults  to  begin  feeding  on  mollusks,  and  the  fry  shifted 
to  Diptera  and  Ephemeroptera  (Crisp  et  al.  1978).  The  food  of  the 
banded  sculpin  in  Dale  Hollow  tailwater,  prior  to  inundation  by  the 
downstream  Cordell  Hull  Reservoir,  consisted  of  Diptera,  Coleoptera, 
Tsopoda,  crayfish,  and  small  trout.  The  sculpins  did  not  eat  Cladocera, 
which  wei’e  abundant  in  the  reservoir  discharge  (Little  196?) . 
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PART  VIII:  CONCLUSIONS 


56^.  The  constfuotion  of  an  impoundment  alters  the  biological, 
chemical,  and  physical  charactei'istics  of  the  stream  environment  below 
the  reservoir.  Many  of  the  biological  changes  are  a  direct  result  of 
dam  construction,  and  include  blockage  of  upstream  fish  migration, 
inundation  of  spawning  grounds,  and  the  interruption  of  downstrefim 
invertebrate  drift.  In  addition,  the  tailwater  biota  is  influenced  by 
the  characteristics  of  the  impoundment  and  the  faunal  and  geomorphic 
characteristics  of  the  preimpoundment  stream. 

565.  Physical  and  chemical  characteristics  in  the  tailwater  are 
primarily  determined  by  the  volxome  and  timing  of  water  released  and  by 
the  depth  from  which  water  is  withdrawn  from  the  reservoir.  The  effects 
of  these  releases  are  further  modified  within  the  tailwater  by  inflows 
from  downstre;im  tributaries  and  groundwater,  riparian  vegetation, 
atmospheric  conditions,  and  physical  characteristics  of  the  streambed. 
The  tailwatf'r  biota  reflects  interactions  between  the  native  or  intro¬ 
duced  organisms  and  the  physical  and  chemical  conditions  in  the 
tailwater . 


Effects  of  Hypollmnetic  Release  on  Downstream  Biota 

The  dentil  of  the  discharge  is  of  primary  importance  in  deter¬ 
mining  t  lie  tailwater  environment  below  stratified  reservoirs.  The 
release  depth  affects  water  temperatures,  dissolved  gas  concentrations, 
nut.rients,  turbidity,  and  the  presence  of  toxic  concentrations  of  some 
disc. lived  substances  in  the  tailwater.  These  factors  have  a  profound 
effect  on  the  tailwater  biota. 

567.  Maximum  and  average  water  temperatures  are  generally  colder 
in  the  tailwater  below  a  hypollmnetic  release  reservoir  than  in  the 
unimpounded  stream.  The  effects  of  these  coldwater  releases  are  similar 
on  bc+h  warmwater  and  coliiwater  streams  but  are  more  severe  for  the 
warmwater  streams.  The  reduced  water  temperatures  may  fall  below  the 
tolerance  levels  of  certain  native  species  of  invertebrates  and  fish. 
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Lowered  water  temperature  can  increase  the  competition  between  native 
species  and  introduced  organisms  adapted  to  the  colder  environment. 

The  result  may  be  the  loss  of  some  native  species  from  the  tailwater. 

568.  A  change  in  the  seasonal  water  temperature  pattern  also 
occurs  in  tailwaters.  Water  in  hypolimnetic  discharges  is  colder  than 
that  in  the  unimpounded  stream  during  the  summer  and  warmer  during  the 
winter.  Delays  in  spring  warming  because  of  cold  hypolimnetic  releases 
may  alter  the  reproduction,  hatching,  emergence,  and  development  of 
many  invertebrates  and  fish.  The  altered  temperature  regimes  may 
disrupt  the  life  cycles  of  some  insect  species  and  cause  them  to  emerge 
during  the  winter  or  prevent  them  from  hatching  in  the  spring.  Some 
fishes  may  not  reproduce  because  the  cold  water  disrupts  their  physio¬ 
logical  development  and  eliminates  the  temperature  stimulus  to  spawn. 
Some  may  spawn  several  weeks  late,  retarding  egg  and  larval  development. 
The  smaller  young  are  subject  to  more  intense  interspecific  competition 
and  reduced  over-winter  survival. 

569.  The  temperature  of  cold  tailwaters  below  hypolimnetic  release 
dams  built  on  warmwater  streams  eventually  returns  to  ambient  as  waters 
proceed  downstream.  The  biota  in  the  downstream  section  closely  re¬ 
sembles  that  in  the  natural  unimpounded  stream.  A  transitional  zone 
may  exist  between  the  cold  tailwater  and  the  warm  downstream  river  that 
may  not  be  readily  inhabited  by  either  coldwater  or  warmwater  organisms. 
This  transitional  zone  is  often  larger  than  the  immediate  tailwater 
(Hulsey  1959). 

570.  Hypolimnetic  releases  into  coldwater  streams  generally  do 
not  have  a  drastic  effect  on  the  stream  biota.  Water  temperatures  in 
these  tailwaters  generally  remain  within  the  tolerance  levels  of  the 
coldwater  organisms  that  inhabited  the  original  stream.  Temperatures 
may  sometimes  be  reduced  below  the  tolerance  level  of  certain  organisms 
which  may  disappear  from  the  immediate  tailwater.  This  situation  may 
also  result  in  some  redistribution  of  insects  and  fish.  For  example, 
chironomids  and  simuliids  have  replaced  most  other  insect  species,  and 
brook  trout  liave  replaced  rainbow  and  brown  trout  in  some  tailwaters. 
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571.  The  volume  of  cold,  hypolimnetic  water  stored  in  the  reser¬ 
voir  and  the  loss  of  daily  temperature  fluctuations  in  the  tailwater 
affects  downstream  hiota.  Some  reservoirs  lack  sufficient  storage 
capacity  of  cold,  hypolimnetic  water  to  maintain  coldwater  releases 
throughout  the  summer  and  fall.  Inadequate  storage  capacity  may  result 
in  the  change  from  a  coldwater  to  a  warmwater  tailwater  during  the 
latter  part  of  the  summer.  This  change  significantly  affects  the 
tailwater  biota,  since  coldwater  organisms  cannot  survive  in  the  warm 
waters  of  late  summer  and  warmwater  organisms  cannot  reproduce  or  grow 
i:i  t’he  colli  waters  which  occurred  earlier  in  the  year. 

577.  The  loss  of  diurnal  fluctuations  in  water  temperature  may 
remove  the  temperature  stimulus  necessary  for  normal  progression  of 
i  nve!'*  t^brai  •'  life  processes.  Some  invertebrates  may  disappear  but 
.'ther  1(0  •  ,.f  adapted  species  usually  replace  them.  Invertebrate  popu¬ 
lation. :•  i;i  thos.e  stressed  environments  often  display  low  diversities 
■i,n.  I  hi  gii  len.'  i ;  i  es . 

r.i'W  dissolved  oxygen  concentrati ons  in  tailwaters  below 
stratified  deer’-rele,'.ise  reservoirs  may  cause  physiological  stress  in 
the  aquadic  community  and  limit  fish  and  invertebrate  diversity.  Bio¬ 
logical  dec  .'m]'or,  i  tion  in  the  hyp(.Jinnion  of  some  reservoirs  during  the 
sumrie?'  eliminates  most  of  tlie  ti i  ssoil vod  oxygen  and  results  in  the  re¬ 
lease  of  deoxygenated  water.  If  insufficient  reaeration  occurs  in  the 
outlet,  works,  invertebrates  m.ay  enter  the  drift  and  fish  may  actively 
migrate  downstream.  In  extreme  casi's,  lack  of  adequate  dissolved 
oxygen  has  been  resitonsible  for  tlie  die-off  of  fish  in  i.ailwaters.  In 
most  tailwaters,  however,  turbulent  I’low  over  rif’’les  rapidly  increases 
t'ne  dissolved  oxygen  concentration  ns  the  water  proceeds  downstream. 

5TU.  iiut  rients  which  enter  .a  reservoir  may  be  used  by  the  reser¬ 
vo  i  i-  phytoplankton  or  m.ay  settle  int-f'  the  hypolimnion.  The  dissolved 
nut. rients  whit-h  accunulatc-  in  the  hypolimnion,  either  as  a  result  of 
Ml”  decomposition  of  organic  matter  or  directly  from  the  watershed,  are 
flushed  iri'o  the  tailw.-iter  <iuring  release  of  liynolimnetic  water  and  may 
enliaru’c  primary  product  ivity  in  the  tailwaters.  The  additional  nutri- 
erd  s  m.ay  increase  periphyt.ic  algal  production  in  the  t.ailwater  and. 
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c>:inaequently ,  increase  the  numbers  of  invertebrates  feeding  on  or 
living  in  the  algae. 

'515  •  Toxic  levels  oi'  reduced  substances,  including  iron,  manga¬ 
nese,  hydi'ogen  sulfide,  and  ammonia,  may  be  formeii  in  the  hypolimnion 
of  a  reservoir  during  low  oxygen  conditions.  It  is  possible  for  these 
substances  to  be  released  into  the  tailwater  at  levels  which  may  stress 
both  the  i nvei'tebrate  anci  fish  populations. 

51<'^.  Turbidity  is  usually  reduced  in  tailwaters  below  deep-release 
dams  and  organisms  whicii  are  adapted  to  turbid  waters  may  be  at  a 
competitive  disadvant.age.  For  exr;imp]e,  reduced  turbidity  favors  trout 
and  other  dear-water  ;:peeies  over  rougli  fish.  In  some  instances, 
'nowever ,  turbid  inflows  move  through  the  reservoir  as  a  density  current 
and  a., re  released  into  the  tailwater. 

Kffects  of  Eri  1  imneti c  Release  oti  D(.'vnstre:uT!  Tiota 

'.'i'T.  h’eservoi rr.  with  epi  1  i mnetic  releases  a-e  generally  less 
disruptive  to  tailwater  biota  than  arc  ttiose  with  lid'ol  imneti c  releases. 
Vdirmwater  st  realms  are  sublect  tr'  (uily  mi  inn'  temperature  changes  as  a 
result  of  the  const  met  ion  ot'  an  epi  1  innet  i  c  relea.se  ’'('ser'.'oi  r .  The 
water  t.emper.-iture  tin'  dir.ciiarge  is  usua.lly  within  t 'no  tolerance 
limits  of  the  rritl'/c  wa.nnwatcr  stroat".  rpecies  and  does  not.  affect  'i.iioir 
survival.  A.iili  t  i  ona  li  y ,  some  r.pecies  of  fisli  .and  invertebrates  may  be 
(a'ansportod  out.  of  the  re.scrvc'ir  .a.n.i  adilod  to  t.’no  tailwa.ter  biota.  Fish 
common  in  the  rer.ervoir  often  rrodominate  in  the  tailwater.  Epi  limnetic 
dit'.charge  from  a  dam  built  on  a  coldwater  stream  usually  has  a  higher 
summor  and  autumn  temperature  tli.an  tl'O  original  stream.  The  warmer 
discharges  may  cause  chauiges  in  tlie  biota  I'f  the  tailwater.  Coldwater 
r-.ppcios  ( piecopterans  ami  trout)  may  be  eiiminated  by  temperatures 
exceeding  their  tolerance  levels.  Elevated  temper.atui'es  also  may  allow 
rougii  fisli  (  '.arpi  r.nd  suckers)  to  ouLcompete  many  of  t.lie  native  or  intro¬ 
duced  species  (t.rout.). 

f’Tf.  .how  di  .'-solved  vixygen  concent. rati  ons  I'are.ly  limit  the  biota 
below  sur  f 'iC' -t'o  1  ('ase  reservoirs.  llirh  levels  of  pliotosyntliesi  s  in 


the  reservoir  epilimnion,  gas  exchange  during  passage  of  water  from 
the  reservoir,  and  downstream  turbulent  flow  all  increase  concentra¬ 
tions  of  dissolved  oxygen  in  the  tailwater.  Toxic  concentrations  of 
iron,  manganese,  and  hydrogen  sulfide  are  rarely  encountered  since 
these  materials  are  products  of  anoxic  conditions  in  the  hypolimnion. 

579-  Spillway  releases  from  high  dams,  particularly  in  years  of 
high  flow,  can  cause  gas  supersaturation  in  tailwaters  and  result  in 
mortality  to  fish  and  invertebrates.  Low  downstream  temperatures  and 
a  laminar  flow  inhibits  the  dissipation  of  the  dissolved  gases  back 
to  the  atmosphere.  Gas  supersaturation  has  been  noted  in  the  tail- 
water  below  a  dam  on  a  warmwater  stream  in  the  central  United  States, 
but  the  problem  is  most  common  at  high  dams  on  the  larger  rivers  of 
t:...-  I'acific  Northwest.  Nitrogen  supersaturation  and  nitrogen  em- 
:  .ism  generally  do  not  occur  at  lowhead  dams. 

ySO.  Epilimnetic  discharges  are  generally  low  in  dissolved 
nutrients,  since  particles  (algae,  suspended  material)  containing 
,'r  s>..rbing  nutrients  settle  into  the  hypolimnion.  This  loss  of 
nutrients  results  in  reduced  primary  productivity  in  the  immediate 
tailwater.  However,  the  export  of  insects,  phytoplankton  and  zoo¬ 
plankton  from  the  reservoir  often  compensates  for  this  reduction. 

The  exported  organisms  are  often  used  as  food  and  may  increase  the 
numbers  of  fish  congregating  below  the  dam.  Many  of  the  inverte¬ 
brates  may  flourish  below  surface-release  reservoirs  because  of  the 
export  of  plankton  and  other  suspended  organic  matter  from  the 
reservoir. 

581.  Many  reservoir  fish  move  into  the  tailwater  either  through 
the  turbines  or  over  the  spillway.  Tailwater  populations  of  shad, 
sunfishes,  suckers,  pikes,  and  some  percids  may  be  maintained  through 
export  from  the  reservoir.  In  addition,  native  stream  fishes  often 
concentrate  here,  and  consequently  sport  fishing  in  tailwaters  is 
sometimes  excellent.  Tailwater  fisheries  are  most  successful  in  spring 
and  early  summer  because  of  migrations  related  to  spawning.  Sustained 
low  flows  adversely  affect  fishing  success. 


Effects  of  Water  Release  Patterns  on  Downstream  Biota 


Tlie  timirif'  ami  voltune  of  water  released  from  a  dam  may 

r. eYei-ely  limit  ic-  enliance  the  tailwater  biota.  Changes  in  the  flow 

pat,tei’!;s  after  liam  Cv ns ti'uct ion  include  seasonally  stabilized  flows, 
suL't.’ii  nei  tiif:!!  f'.ewr.  (with  reduced  peak  flows)  during  high  water 
prr:  ■  m i  n i MUK  .•'Jow.s  during  dry  periods,  and  diel  fluctuating  flows 

bi'low  iiyiiropower  .•‘•tc  i  1  i  t  i  es .  Tile  effect  of  the.se  flow  changes  on  the 
bill!  a  inoy,  hi  >wt_'Vor ,  be  masked  by  ot  her  fact  ors  sucii  as  temperature, 

fi  i  ss.civo,;  oxy.-’v-n,  'ind.  toxic  levels  of  reduced  substances. 

''.'ill  t.ai Iwi tors,  ill  1'  w  most  nonhydrttpower  reservoirs  have  a 
more  st.tibio  a;inuol  t' 1  ow  reg.i ttifui  that  in  unimpounded  streams.  The 
stab:  !  i  r.el;  :'J  ows  tint  ror-ult  from  b.dh  a.  reduction  in  the  intensity  6f 
floods  and  the  m.ai  tit.eri, a  nee  of  flows  durin.o  low-water  periods  provide  a 
less;  variable  liabitat.  hense  •liga'.  mats,  .I'ft.in  associated  with  stabi¬ 
lise. 1  flows,  mtiy  Inliibi'  tlie  p.s  .hs-'  i;  .•  ts.  r;.at  i  ve  invertebrate 
species,  th.'it  in-efer  roi'k  subs  t  .  ;:-wc'V--s,  Mk'  ad  ii  ‘  icn.al  habitat 

and  food  s.upT'ly  provided  by  she  alga,;  m.at  .■  geroo-a  1 y  attract  new  inver¬ 
tebrate  ta.xa  tira!  become  an  imp.  .rt-uit  ;.as!  d’  t  t.''  i  web,  but  species 
feeding  on  a!  .1  och.tiioti.. us  m.at.ei’i.al  b-asT.'.'  i-'s:-  •ibun.ia.nt, .  hosting  fishes 
may  rep.iroduce  m'ire  successful]  y  in  a  sta.b!  i  i  1  tailwater.  Ctable 
flsiws  may,  however,  I'O  del  r  imeul  a  1  i  ■ fish  S'-.srire  mc'dcr.tite  flow 

variation  to  initiate  spawning  :ict  i  vi  t  i  .'S  . 

f'Bli.  The  effects,  i.f  high  flews  ( ;'l...oi!s.)  !i  natural  st. reams  have 
been  described  by  ;a'ver.al  authors  (Tar.-.voil  '.te, .grist  and  Card 

197.";  Eyck  Id','/-).  High  fl-.-ws  in  ta  i  !  w-i  t.ers  arc  gcner.aliy  loss  intense 
tha.n  in  nna  1 1  f’rc'd  s.tre.ams  but,  are  continued  over  a  1  aiger  time.  The 
offt'Ct  r  .'f  iii  i'h  fl.'ws.  .siti  t,.ai  1  w.ater  ’’i  itlies  tire  r.tist,!y  .iependent  on  the 
'  ai  iwater  idiys,  iograpliy .  If  t.hi’  t,,ailwater  has.  deep  p.'.'ls,  sufficient 
■  •vt.’T',  '  ,•■  b.'u’kwater  aseas  for  fisli  shelter,  high  flv'ws  are  less  detri- 
.'■■'.n:-;!  t.  t’is.h  i.'pulations  th.an  if  the  ttiilwtiter  li.as  lit, lie  physical 
variti  hility .  High  flows  during  the  reproductive  {'erio.j  of  fish  can 

s. c- .lu’  the  stream  bottom  and  destroy  the  eggs  tind  i.arvtie  tuid  reduce 
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I’eproductive  success,  especially  in  unsheltered  areas.  Increased 
discharges  may  cause  catastrophic  drift  of  benthos,  causing  a  sub¬ 
stantial  decrease  in  benthic  standing  crops.  High  flows  can  be  bene¬ 
ficial  in  some  tailwaters  as  they  flush  sediment  from  the  interstices 
of  the  rubble  substrate  and  supply  food  and  oxygen  to  benthic 
invertebrates . 

585.  Fall  drawdown  of  flood  control  reservoirs  increases  flows 
Into  the  tailwater.  This  drawdown  usually  occurs  after  reservoir  de- 
slrati fi cation ,  when  fish  and  other  organisms  are  more  evenly  distri¬ 
buted  within  the  reservoir.  Many  young-of-the-year  and  older  fish  may 
be  lost  from  the  reservoir  during  this  time,  causing  an  increased 
abundance  in  the  tailwaters.  The  effects  of  the  increased  flows  on  the 
resident  stream  fishes  in  the  tailwater,  both  during  the  reservoir 
drawdown  and  for  sustained  periods  af'ter  flood  flows,  are  largely 
unknown.  The  increased  flows  may  initially  produce  catastrophic  effects 
on  stream  Invertebrates,  but  the  benthic  community  gradually  stabilizes 
as  the  remaining  flow-tolerant  species  adjust  to  the  prevailing  condi¬ 
tions.  Higher  flows  extend  the  influence  of  the  reservoir  discharge 
downstream. 

■^'86.  The  subject  of  minimum  flows  is  one  of  the  most  widely 
studied  aspects  of  I’egulated  streams.  During  the  dry  season  of  late 
summer  and  fall,  minimum  flows  are  often  maisitained  below  dams  to 
provide  aquatic  habitat  for  the  survival  of  invertebrates  and  fish. 

Tiie  habitat  that  remains,  however,  is  usually  of  decreased  quality  and 
;juantity.  Reduced  habitat  increases  interspecific  competition  for 
sp.a.o'e  and  food  am.ong  fish  and  among  invertebrates.  Both  groups  experi¬ 
ence  physiological  stress  and  reduced  production  during  low  flows. 

Low  flows  in  tailwaters  reduce  water  velocities  and  associated  detrital 
material ,  and  thus  food  and  oxygen  for  benthic  organisms  are  also 
reduced.  Low  flows  allow  silt  and  detritus  to  accumulate  in  the 
tailwater  fi’om  streamside  runoff.  This  material  may  be  beneficial  to 
the  productivity  in  tlie  tailwater  if  not  present  in  excessive  quanti¬ 
ty  In  coldwa.ter  streams,  minimum  flows  from  deep-release  reservoirs 


often  maintain  water  temperatures  within  tolerance  levels  for  coldwater 
species  (e.g.,  trout). 

587.  Irrigation  storage  reservoirs  impound  winter  and  spring 
runoff,  with  a  consequent  reduction  in  tailwater  flows.  Winter  de¬ 
watering  of  the  tailwater  reduces  overwinter  survival  of  many  organisms 
by  limiting  habitat  and  exposing  them  to  harsh  winter  conditions.  Poor 
survival  of  ti’out  has  been  documented  in  streams  dewatered  in  winter. 
Dewatering  in  tlie  spring  probably  affects  the  reproduction  of  some 
fishes  by  reducing  both  the  stimulus  to  spawn  and  the  availability  of 
spawning  habitat. 

588.  Below  hydropower  dams,  large  diurnal  flow  fluctuations  most 
often  iiave  a  destructive  influence  on  the  tailwater  biota  and  create  an 
unstable,  iiighly  variable  downstream  habitat.  The  extreme  variation  in 
flciw  scours  the  tailwater  and  displaces  both  fauna  and  flora.  Species 
with  narrowly  defined  environmental  requirements  are  eliminated  from 
these  tailwaters.  During  power  generation,  high  water  velocities  cause 
streambed  and  bank  instability  and  habitat  degradation.  The  stream  may 
be  subject  to  increased  turbidity,  and  algal  and  macrophytic  growth  is 
discouraged.  The  widely  fluctuating  flows  discourage  the  establishment 
of  stre.'imside  vegetation  and  other  aquatic  plants.  The  benthic  food 
base  is  radically  reduced  and  some  species  may  be  eliminated.  A  "zone 
of  fluctuation"  is  permanently  established  where  no  production  takes 
place  because  of  periodic  streambed  exposure  during  nonpower  cycles. 

589.  Fluctuating  flows  disrupt  the  spawning  and  reproductive 
success  of  some  fish  species  by  destroying  nests  and  sweeping  away 
unsheltered  eggs  and  fry.  Only  fish  adapted  to  high  water  velocities 
are  able  to  sustain  their  populations  in  tailwaters  below  hydropower 
dams.  Gt'i’anding  and  desiccation  of  many  species  of  invertebrates,  fish 
eggs,  salmonid  fry,  and  sculpins  have  been  reported.  Invertebrates 
located  in  fluctuating  tailwaters  may  attain  community  equilibrium, 
provided  they  are  able  to  adapt  to  the  variations  in  flow. 

590.  The  release  of  large  volumes  of  cold  hypolimnetic  water 
during  power  generation  maintains  a  cold  tailwater  environment  below 
some  southern  reservoirs.  However,  during  nongenerating  periods,  the 


small  volume  of  water  released  may  warm  rapidly  due  to  solar  radiation 
and  exposure  to  warm  air  temperatures.  The  thermal  tolerance  of  some 
fish  and  itivertehrates  may  be  exceeded  during  these  periods,  and  the 
oi-ganir.ms  either  move  out  of  the  tailwater  or  die.  The  increased  water 
temperatures  may  be  beneficial  to  some  species,  such  as  carp  and 
smallmouth  bass,  t.hat  compete  with  coldwater  fishes.  Despite  the  fluc¬ 
tuating  flows  encountered  below  hydropower  dams,  many  excellent  trout 
fisiieries  have  developed  in  these  waters.  The  quality  of  the  fishery 
depends,  on  the  habitat  suitability  for  trout,  which  includes  cold  water 
adequate  flow,  plentiful  cover  atui  food. 


Passt  Tai  Iwater  Research  and  Suggestions  for  Future  Study 

591*  Review  of  the  available  literature  revealed  that  the  present 
understanding  of  biological  problems  in  tailwaters  is  far  from  complete 
Current  research  being  fancied  or  conducted  by  various  groups,  including 
the  II.  G.  Army  Coiq,)s  of  Kngineers,  Tennessee  Valley  Authority,  U.  S. 
Watoi*  and  Power  Resources  i'crvice  (formerly  Bureau  of  Reclamation),  and 
the  (J.  G.  Fisii  and  Wildlife  Gerviee,  may  provide  the  necessary  infor¬ 
mation  to  overcome  t'ne  inadequacy  of  the  literature. 

PQG*  Most  tailwater  rec.earch  has  been  narrow  in  scope.  Usually, 
the  I'.tudy  of  the  biota  in  a  tailwater  has  been  limited  to  the  compila¬ 
tion  of  lists  ,'f  invertebrate  sriecies  and  fish  species  or  creel  census. 
It  iias  sometimes  been  a:;suined  that  a  major  change  in  one  pliysical 
factor  (e.g.,  temperature,  flow,  (d.c.)  has  caused  a  change  in  the 
tailwater  biota.  However,  the  more  comprehensive  investigations  needed 
to  confirm  these  assumptions  have  7'ai-ely  been  conducted. 

593.  The  I'ew  studies  that  have  been  directed  toward  determining 
the  causes  for  observed  changes  in  tailwater  biota  have  generally  been 
the  result  of  acute  short-term  problems  (e.g. ,  fish  kills  caused  by 
gas  supersaturation  or  reduced  dissolved  oxygen).  The  more  subtle 
changes  resulting  in  the  disappearance  of  a  species  or  change  of  spe¬ 
cies  corap,,'siti(.7n  in  tailwaters  have  generally  not  been  determined.  As 
an  ex;imple,  the  loss  of  a  fish  species  in  cold  tailwaters  has  been 


•ittr i billed  to  Llie  reduction  in  temperature.  What  is  usually  not  knovm 
is  will  eh  stages  of  the  fish's  life  cycle  were  affected  by  the  lowered 
temi'erntui'e .  Reduced  temperatures  may  have  had  any  of  several  effects 
or  combinations  of  effects;  (a)  prevented  the  initiation  of  spawning 
activity,  (b)  iniiibited  the  hatching  of  eggs,  (c)  impeded  the  growth  of 
fry,  (d)  destroyed  a  required  food  source,  (e)  provided  other  species 
with  a  competitive  advantage,  or  (f)  simply  been  below  the  tolerance 
limits  of  the  affected  species.  Tf  the  "weak  link"  in  the  life  cycle 
of  the  species  was  known,  it  might  be  possible  to  release  water  of  a 
more  favorable  temperature  during  the  critical  period  (e.g.,  releasing 
water  of  a  warmer  temperature  until  egg  hatching  is  completed). 

59^^*  It  is  improbable  that  changes  in  species  compo.si  tion  were 
due  solely  to  one  factoi’,  such  as  a  reduction  in  temperature.  Changes 
in  the  tailwater-  biota  are  more  likely  due  to  the  alteration  of  a 
number  of  factors  s\ich  as  temperature,  flow,  habitat  availability,  food 
abundance,  and  tlie  levels  of  turbidity,  dissolved  gases,  and  coT’tain 
chemicals.  Additionally,  the  degree  to  which  these  alterations  affect 
the  biota  in  (;ach  tailwater  may  be  highly  variable.  The  biota  in  two 
apparently  similar  tailwaters  may  react  differetitly  to  similar  changes 
in  chemical  and  physical  factors  because  of  differences  in  pro,;ect 
location,  construction,  and  operation.  Indeed,  it  is  possible  that  in 
some  tailwaters  the  assumed  cause  of  the  faunal  changes  (e.g.,  temper¬ 
ature  reduction)  may  not  have  had  any  real  effect,  but  simply  masked 
the  actual  causative  factors. 

595.  Studies  are  needed  to  determine  the  tailwater  chemical  and 
physical  properties  that  cause  changes  in  diversity  and  abundances  in 
the  biotic  community.  Such  studies  should  investigate  all  parts  of 
the  tailwater  ecosystem  and  must  include  continuous  (i.e.,  daily) 
monitoring  of  major  chemical  and  physical  variables  and  periodic 
s.ampling  of  the  tailwater  biota  (i.e.,  periphyton,  plankton,  benthos, 
fish).  Once  sufficient  information  on  the  chemical  and  physical 
environment  of  a  tailwater  is  obtained,  it  should  be  possible  to  relate 
this,  information  to  observed  changes  in  the  biotic  community  with 
appropriate  statistical  analyses. 


'.'Ot'.  Ill  udJilion  to  iioternii  iiinp;  which  chemical  and  physical 
fact. ore,  act  to  alter  the  biotic  community,  further  more  int.ennive, 
limited  studies  will  bo  needed  t,o  discover  how  these  factors  act  on 
the  most,  seriously  a;'!‘ect.od  members  of  the  biota.  Only  by  determining 
how  the  affected  tailwatei-  oiv'.nnisms  are  influenced  wil  l  it  be  possible 
tai  su{',;i:est  i  mproveim'nts  in  the  cui'rcnt  tail  water  management  I'lan;  for 
example,  tiew  a  valuable  waimiwater  firdi  species  is  influencc-d  below  a 
iiy I'l-'ilimnei  i  c  release,  hydror-.iwer  dam.  It  may  be  det.c'rmi  ik’ i  that  tlie 
di sappearancc  of  this  species  is  most  closely  correlated  witli  diurnal 
:'low  and  temi-orature  fluctuations  and  delayed  seasonal  warming.  More 
::■!  srowly  defined  stnd.ies  may  determine  that  fish  snawning  has  been 
•.clayed  because  of  ;i  lack  of  adequate  thermal  stimulus  and  that  t'isii 
■  .gg,  liat.ching  and  invertebrtite  food  production  have  declined  because  of 
the  periodic  lii-ying  of  sp.-iwning  bed;-  aiid  riffle  areas.  Ultimately,  it 
will  be  ui'  t>'  tlie  managing  .agency  to  detei-mlne  if  .-iny  of  the  sugg.est.i ons 
tni.ght  bo  imiU  i»!’!(.’n!.od  witliin  t  tie  i'>-'ntext  of  an  overall  reservoir  manage¬ 
ment  plan. 

‘197.  7'tie  !  yi'e  of  intenr.ivc  r.tiidy  just  discussed  is  only  u.seful  for 
utulerst.andi ng  ’he  in-oblcns  •f  ai.  i rui i vi diial  tailwatcr  being  investigated. 
Tt  would  be  helpful  i  ti  the  I'ut.’.ire  to  h.ave  -1  genor.al  i  zed  conceptuti.l  model 
of  oacii  I'tajor  t:iilwat,er  type-  t  e'  as,.Uir,t  in  the  recognition  of  tailwater 
!  T'cibloms  without  resorti:ig  t.-  large-scale  intcns.Lvo  studies.  Such  a 
conceptual  model  mtist.  -provi.ie  .'i  clc-ir  nnderst'snd.ing  of  how  the  major 
■liemicai,  physical,  and  bb.il i.igic.’U  vari.'iblos  rel.ale  to  and  interact 
with  e.'ich  other. 
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APPENDIX  A;  ALPHABETICAL  LIST  OF  THE  113  TAILWATERS  MENTIONED 
IN  THE  TEXT  WITH  LOCATION  BY  RIVER  AND  STATE,  PROVINCE,  OR  COUNTRY 
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APPENDIX  B:  location  op  105  RESERVOIR  TAILWATERS 
IN  THE  UNITED  STATES  MENTIONED  IN  THE  TEXT 


APPENDIX  C;  COMMON  AND  SCIENTIFIC  NAMES  OF  FISHES 
MENTIONED  IN  THE  TEXT,  ARRANGED  BY  FAMILY 
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Part  I: 


Polyodontidae 

Paddlefi sh 

Clupeidae 

Skipjack  herring 
American  shad 
Gizzard  s}iad 
Threadfin  shad 

Salmonidae 

Coho  salmon 
Cutthroat  trout 
Rainbow  trout 
Brown  trout 
Brook  trout, 

Er.ocidae 

Grass  picke?'el 
iJorthern  pike 
Muskellunge 
Chain  pickerel 

Cyiu'  Lnid.'iej 

Chi  sol  mouth 

Stonerol ler 
C.arV' 

Humpback  chub 
pri  ny*- a  i  1 
KoiindLail  chub 
Sp(n-kled  chub 
Pdreye  clnib 
Streamline  chub 
Pe;imouth 
Horriyhcad  chub 
Rivei-  chub 
Golden  shiner 
Texas  shinei- 
R  I  so:’ in  shiner 
Emerald  shiner 


Fishes  from  North  American  Tailwaters 


Polyodon  spathula  (Walbaum) 


Alosa  chrysochloris  (Rafinesque) 
Alosa  sapidissima  (Wilson) 
Dorosoma  cepedianum  (Ler  eur) 
Dorosoma  petenense  (Gunther) 


Oncorhynchus  kisutch  (Walbaum) 
Galmo  clarki  Richardson 
Salmo  gairdneri  Richardson 
Salmo  trutta  Linnaeus 
Salvelinus  fontinalis  (Mitchill) 


Esox  anieri  can  us  vermi  culatus  Lesueur 
Esox  lucius  Linnaeus 
Esox  masquinongy  Mitchill 
Esox  niger  T,esueur 


Acrochei lus  alutaceus  Agassiz  and 
Pickering 

Campostoma  anomalum  (Rafinesque) 
CyT'rinus  carpi o  Linnaeus 
Gila  cyi^ha  Miller 
Gi la  elogans  Baird  and  Girard 
Gila  robusta  Baird  and  Girard 
Ilybopsis  aestivalis  (Girard) 
Hybopsis  amblops  (Rafinesque) 
Hybopsis  dissimilis  (Kirtland) 
Mylocheilus  caurinus  (Richardson) 
llocomi  s  bigutta  tus  (Kirtland) 
iJocomis  micropOt,on  (Cope) 

Hoteini genus  cryscleucas  (Mitchill) 
Notropis  amabilis  (Girard) 

Notropi s  ardens  (Cope) 

Notropis  atherinoides  Rafinesque 


(Continued) 


Cyprinidae  (continued) 

Bigeye  shiner 
Striped  shiner 
Common  shiner 
Whi Petal 1  shiner 
Blackchin  shinei- 
Spottail  shiner 
Red  shiner 
Silver  shiner 
Duskysti'ipe  shiner 
RosySaoe  shiner 
iSpotfin  shiner 
Sand  shiner 
Telescope  shiner 
Redfin  shiner 
Blacktail  shiner 
Miruo  shinci' 
Siuckermouth  minnow 
Sour.hern  redbelly  dace 
Riluntnose  minnow 
Fathead  minnow 
Bullhead  minnow 
Colorado  squawfish 
Nortiiern  squawfish 
Bla.cknose  dace 
honrnose  dace 
Speckled  dace 
Red  side  shiner 
Crook  chub 


Catostoinidao 


River  caiqisucker 
Quii Ibnck 
Longnor.e  sucker 
White  sucker 
Bi  uohoa.i  sucker 
FI  annelnnutdi  sucker 
hargescale  suckei’ 
Moutita, in  sucker 

dorf.hern  hog  sucker 
Cma I Imouth  buf fa  1 o 
tiigmouth  buffalo 
Black  buffalo 


Notropis  boops  Gilbert 

Notropis  chrysocephalus  (Rafinesque) 

Notropis  cornutus  (Mitchill) 

Notropis  galacturus  (Cope) 

Notropis  heterodon  (Cope) 

Notropis  hudsonius  (Clinton) 

Notropi s  lutrensis  (Baird  and  Girard) 
Notropis  photogenis  (Cope) 

Notropis  pilsbryi  Fowler 
NotroTiis  rubellus  (Agassiz) 

Notropis  spilopterus  (Cope) 

Notropi s  stramineus  (Cope) 

Notropis  telescopus  (Cope) 

Notropis  umbratilis  (Girard) 

Notropis  venustus  (Girard) 

Notropis  volucellus  (Cope) 

Phenacobius  mirabills  (Girard) 

Fhoxinus  erythrogaster  (Rafinesque) 
Pimephales  notatus  (Rafinesque) 
Pimephales  promelas  Rafinesque 
Pimephales  vigilax  (Baird  and  Girard) 
PtychocheiluG  luclus  Girard 
Ptychocheilus  oregonensi s  (Richardson) 
Rhi nichthys  atratulus  (Hermann) 
Rhinichthys  cataractae  (Valenciennes) 
Rhi nichthys  osculus  (Girard) 
Richardsonius  balteatus  (Richardson) 
Semotilus  atromaculatus  (Mitchill) 


Carp lodes  carpio  (Rafinesque) 

Carpi  odes  cyp^^inus  (Lesueur) 

Catostomus  catostomus  (Forster) 
Catostomus  commersoni  (Lacejjede) 
Catostomus  di scobolus  Cope 
Catostomus  latipinnis  Baird  and  Girard 
Catostomus  macrochei lus  Girard 
Catostomus  platyrhynchus  (Cope) 
Cycleptus  elongatus  (Lesueur) 
Hypentelium  nigricans  (Lesueur) 
Ictiobus  bubalus  (Rafinesque) 

Tetiobus  cyprinellus  (Valenciennes) 
Ictiobus  niger  (Rafinesque) 


( Continued) 


Catostomidae  (continued) 


Spotted  sucker 
Silver  redhorse 
River  redhorse 
Gray  redhorse 
Black  redhorse 
Golden  redhorse 
Shorthead  redhorse 
Humpback  sucker 

Ictaluridae 

Wiite  catfish 
Blue  catfish 
13]aok  bullhead 
Yellow  bullhead 
Brown  bullhead 
Cliannel  catfisli 
Slender  madtom 
iitonec.at 
Tadpole  madtom 
Brindled  madtom 
Freckled  madtom 
Flathead  catfish 

Porcichthyidao 

White  bass 
Yellow  bass 

Striped  bass 

Ccntrarchidac 

Rock  bass. 

Green  sunfish 
Or.anf^espotted  sunfish 
Blucf^i  ]  1 
Lorif^ear  sunfish 
Redear  sunfirli 
fimall mouth  basr. 
Gpotted  bans 
Larpemouth  bass 
Wliite  crappie 
Black  crappie 


Minytrema 

Moxostoma 

Moxostoma 

Moxostoma 

Moxostoma 

Moxostoma 

Moxostoma 

Xyrauclien 


melanops  (Rafinesque) 
anisurum  (Rafinesque) 
carinatum  (Cope) 
conpiestum  (Baird  and  Girard) 
duq\iesnei  (Lesueur) 
erythrurum  (Rafinesque) 
macrolepidotum  (Lesueur) 
texanus  (Abbott) 


Tctalurus  cat  us  (Linnaeus) 

IctaluruG  furcatus  (Lesueur) 
Ictalurus  me las  (Rafinesque) 
Tctalurus  natal i s  (LesueuiO 
Ictalurus  nebulosus  (Lesueur) 
Ictalurus  punctatus  (Rafinesque) 
Noturus  exilis  Nelson 
Noturus  flavus  Rafinesque 
Noturus  p;yrinus  (Mitchill) 

Noturus  miurus  Jordan 

Noturus  nocturnus  Jordan  and  Gilbert 

Pylodictis  olivar i s  (Rafinesque) 


Morone  chrysops  (Rafinesque) 

Morone  mi ssi ssippiensis  Jordan  and 
Kigenmann 

Morone  saxati lis  (Walbaum) 


Ariblo]^!  i  tes  rupestris  (Rafinesque) 
Lepomis  cyanel lus  Rafinesque 
Lepomi s  humi lis  (Girard) 

Lcpom i s  macrochi rus  Rafinesque 
Lepomi s  megaloti s  (Rafinesque) 

Leo  pm  is  mi  crolophus  (OVinther) 
Micropterus  dolomieui  Lacepede 
Mi cropterus  punctulatus  (Rafinesque) 
Micropterus  salmoides  (Lacepede) 
Pomoxis  annularis  Rafinesque 
Pomoxis  ni f^romacul:  ns  (Lesueur) 


( Continued) 
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Percidae 


Greens ide  darter 
Rainbow  darter 
Fantail  darter 
Johnny  darter 
Tessellated  darter 
Orangethroat  dari.er 
Handed  darter 
Yellow  perch 
hogpereh 
Gilt  darter 
IMackside  darter 
auger 
Walleye 

Gciaenidae 

Freshwater  drum 


Mottled  sculpin 
Piute  sculpin 

Banded  sculpin 


Etheostoma  blennioldes  Rafinesque 
Etheostoma  caeruleum  Storer 
Etheostoma  flabellare  Rafinesque 
Etiieostoma  nigrimi  Rafinesque 
Etheostoma  olmstedi  Storer 
Etheostoma  spectabi le  (Agassiz) 
Etheostoma  zonale  (Cope) 

Perea  flavescens  (Mitchill) 

Percina  caprodes  (Rafinesque) 

Percina  evides  (Jordan  and  Copeland) 
Percina  maculata  (Girard) 

Stizostedion  canadense  (Smith) 
Stizostedion  vitreum  vitreum  (Mitchill) 


Aplodinotus  grunni ens  Rafinesque 


Cottus  bairdi  Girard 
Cottus  beldingi  Eigenmann  and 
Eigenmann 

Cottus  carolinae  (Gill) 
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Part  II:  Fishes  from  European  Tailwaters 


Salmonidae 

Baltic  salmon 

Cyprinidae 

Zope 

Bream 

Golden  shiner  (European) 

Bystryanka 

Bleak 

Barbel 

White  bream 

Shemaia 

Nase  ( Pc Just) 

Carp 

Gudgeon 

Ide 

Roach  or  Vobla 

Kiiramulya 

Vimba 

Percidae 

Volga  pike-perch 
Cottidae 

Common  bullhead  (sculpin) 


Salmo  salar  Linnaeus 


Abrami s  ballerus  (Linnaeus) 

Abramis  brama  (Xinnaeus) 

Abrami n  ap. 

Alburnoides  bipunctatus  (Bloch) 
Alburnus  alburnus  (Linnaeus) 

Barbus  barbus  (Linnaeus) 

Blicea  bjoerkna  (Linnaeus) 
Chalcalburnus  chalcoides  ( Culdenstadt ) 
ClK^ndrostoma  nasus  (Linnaeus) 

Cyprinur.  carpi o  Linnaeus 
Gob i o  gob in  (Linnaeus) 

Leuciscua  idus  (Linnaeus) 

Rut i 1  us  ruti lus  (Linnaeus) 

Varicorhi  nus  capo'eta  ( Giildenstadt ) 

V Imba  vimba  (Linnaeus) 


Lucioperca  vol gensl s  (Gmelin) 


Cottus  gobio  Linnaeus 
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APPENDIX  D;  LIFE  HISTORY  INFORMATION  FOR  THE 
MOST  COMMON  FISH  OROLIPS  MENTIONED  IN  THE  TEXT 
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Algae:  primitive  plants,  one-celled  to  many-celled. 

Allochthonous:  materials  such  as  leaves  and  detritus  that  originate 
from  outside  a  lake  or  stream. 

Amphipods:  group  of  crustaceans  that  includes  the  freshwater  forms 

Hyalel la  and  Gammarus . 

Anadromous  fish:  fish  that  spend  most  of  their  lives  in  the  sea  or 
lakes  but  ascend  rivers  to  spawn. 

Anaerobic  organisms:  microorganisms  that  thrive  in  the  absence  of 
oxygen . 

Annelids:  earthworms  and  leeches. 

Anoxia:  state  of  having  too  little  oxygen  in  tissues  for  normal 

metaboli sm. 

Arachnids:  spiders  and  water  mites. 

Armoring:  accumiilation  of  coarse  particles  on  a  stream  bottom  through 

loss  of  finer  materials  to  the  current;  the  formation  of  a  firm 
layer  on  the  streambed  that  is  resistant  to  further  degradation. 

Arthropods:  group  of  invertebrate  animals  that  includes  crustaceans, 

insects,  and  spiders. 

Autochthonous:  materials  such  as  algae,  macrophytes,  and  their  decom¬ 
position  products  that  originate  within  a  lake  or  stream. 

Autotrophy:  ty^ie  of  nutrition  in  which  an  organism  manufactvires  its 
own  food  from  inorganic  compounds. 

Benthic  organisms  (benthos):  aquatic  invertebrates  such  as  mollusks, 
immature  aquatic  insects,  and  crustaceans  that  live  on  or  in  the 
stream  bottom. 

Biomass:  total  weight  of  a  particular  species  or  of  all  organisms  in 
a  particular  habitat. 

Biota:  all  living  organisms  in  a  region. 

Bryozoans:  small  bottom  organisms  that  make  up  part  of  the  benthos. 

Carnivore:  any  animal  partly  or  wholly  dependent  on  catching  other 

animals  for  its  food. 

Chironomids:  family  of  insects  of  the  Order  Diptera;  large  group  that 

includes  the  nonbiting,  mosquitolike  midges. 

Cladocerans:  freshwater  crustaceans;  includes  such  zooplankton  genera 

as  Daphnia,  Chydorus ,  and  Alona. 
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Copepods;  freshwater  crustaceans;  includes  such  zooplankton  genera  as 
Pi apt onus  and  Cyclops . 

Crustaceans:  includes  cei-tain  zooplankters  (copepods  and  cladocerans ) , 

;imphipods,  decapods,  isopods,  and  ostracods. 

Daphnids:  any  nembei’  of  the  cladoceran  genus  Daphnia. 

Decapods:  I’reshwater  shrimp  and  crayfish. 

Petritivores:  organisms  t.hat  ingest  detritus. 

Detritus:  fine  particulate  debris  of  organic  or  inorganic  origin. 

Diatoms:  class  of  algae  having  silicified  skeletons. 

Dipterans;  order  of  insects  that  includes  true  flies. 

Drift:  aquatic  or  terrestrial  invertebrates  that  move  or  float  with 

the  current . 

Ecology:  science  of  the  interrelations  between  living  organisms  and 

their  environment. 

Encystment :  formation  of  a  resistant  cyst  by  certain  microorganism.s , 

especially  under  unfavorable  environmental  conditions. 

Ephemeropterans :  order  of  insects  that  includes  the  mayflies. 

Epilimnion:  upper  stratimi  of  mo-e  or  less  imiformly  warm  circulating 
water  that  forms  in  lakes  and  i-eservoirs  during  periods  of  stratifi¬ 
cation  and  extends  from  the  surface  to  the  metalimnion  or  thermocline. 

Excystment:  portion  of  tlie  life  cycle  of  an  organism  when  it  emerges 
from  its  cyst  stage  and  resumes  normal  m.etabolic  activity. 

Fingerling:  immature  fish,  fi-om  a  length  of  about  25  mm  (or  size  at 

disappearance  of  yolk  sac)  to  the  end  of  first  year  of  life. 

Fry:  life  stage  of  fish  between  hatching  of  the  egg  and  assumption  of 

adult  ciiuractoristics  (usually  at  a  length  of  about  25  mm). 

Gastropods:  snails. 

ffabitat:  place  where  a  particular  p)lant  or  animal  lives. 

Herbivore:  organism  that  feenis  on  plant  material. 

heterotrophy:  type  of  niitrition  in  which  an  organism  depends  on  organic 

matter  for  food. 

hydraulic  residence  time:  time  (usually  days)  required  for  a  volume  of 
water  equal  to  the  reservoir  capacity  to  move  through  the  reservoir 
and  be  discharged  (iownstre:im . 


■iypol  imnion:  lower  stratiom  of  cold  and  relatively  undisturbed  water 
tii.'it  foi’ms  in  lakes  and  reservoirs  during  periods  of  stratification 
and  extetids  from  the  bottom  up  to  the  metalimnion  or  thermocline . 

Instar:  any  one  of  the  successive  stages  in  the  life  history  of  an 

insect, . 

Tsoivds:  freshwater  crustaceans  ( Asellus ) ,  which  are  similar  to 

terrestrial  sow  bugs. 

I.'U’iinar  floiw;  smooth,  low-velocity  flow,  with  parallel  layers  of  water 
shearing  over  one  another,  and  with  little  or  no  mixing  of  layers. 

Lentio:  stanuLr'.g  waters  such  as  lakes  and  ponds. 

he;' i aopterans :  order  of  insects  that  includes  the  moths  and  butter- 
'■lies. 

hiru.ology;  study  of  the  physical,  (.•hemieal,  ar.d  biolr;gicaI  conui-'.ions 
in  fresii  waters. 

h  'iv':  running,  waters  such  as  streams  and  rivers. 

Macrophytes:  mticrescopic  or  large  forms  of  vegetation. 

i-ic  ■;  1  imn  i  ■  n  ;  .■t.!vtt,.uri  between  the  epilimni'n  ani  *  he  hyp''lim!'ii(,''n  in 
s*ra.‘i;'ied  1  akcs  a.nd  2'eservoirs;  exhibit;.:  r.arke- :  t;,i’!'ma]  dii.scon- 
M.nuity;  empera,fire  changes  at  least  l''’’C  per  re  t.].roughout 
t'riLs  s.t.ra.t’tm. 

Mdlusks:  s  t't-i''  !  le  ;  -uiinalr,  usually  e:. closed  in  a  sliell  and  having 

■;  ‘'.••er.hw;;  t  ^•r  form:?  include  snails,  a.nd  (.■]  aru: . 

ii;.t';pii.' :  ;:■■■  ' a  s-eri'.';-  of  immatui'e  stages  in  certain  insects. 

Oligochaetes ;  earthworms  and  their  aquatic  representatives. 

Omnivu’e:  ai-.y  animal  'hat  eats,  •;  variety  -tf  living  a.nd  dead  plants 

and  anitr.'i  i . 

Ost ’•■ic'^'ds :  email  cr:j.s' aceans  enclosed  in  bivalve  sliells;  resemble 
small  clams. 

reriphyton;  us, social  ion  of  aquatic  organism;?  attached  or  clinging  to 
I'terts  -u.d  leaves,  ,uf  routed  platits  .'ir  other  surfaces  projecting 
ab'/ve  tiie  nt  re-im  bottom. 

pH:  the  neg.ativo  log.arit.hm  of  tlie  effective  hydrogen-ion  concentration. 

L/.s,''d  to  expre.us  both  n.<'i(lity  and  bas>icity  on  a  scale  of  0  to  1^;  7 
repre::ent.':  neutrality,  numbers  ler,s  than  7  increasing  acidity,  and 
numbers,  greater  than  7  increasing  basicity. 
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Photosynthesis:  complex  of  processes  involved  in  the  formation  of 

carbohydrates  from  carbon  dioxide  and  water  i'  living  plants  in 
the  presence  of  light  and  chlorophyll. 

Phytoplankton:  small  plants  (algae)  that  live  unattached  in  the  water. 

Piscivorous:  feeding  on  fishes. 

Plankton:  organisms  of  relatively  small  size,  mostly  microscopic, 

that  drift  with  the  water  current;  some  have  weak  powers  of 
locomotion . 

Plecopterans :  order  of  insects  that  includes  the  stoneflies  and 

salmonflies . 

Pool:  portion  of  a  stream  that  is  deep  and  quiet  relative  to  the  main 

current . 

Redd:  type  of  fish  spawning  area  (usually  a  cleared  circular  or  oblong 

depression)  in  riinning  water  with  a  gravel  bottom. 

Redox  potential:  oxidation-reduction  potential;  a  measure  of  the 
oxidizing  or  reducing  intensity  of  a  solution. 

Riffle:  shallow  rapids  in  an  open  stream,  where  the  water  surface  is 

broken  into  waves  by  obstructions  wholly  or  partly  submerged. 

Run:  stretch  of  relatively  deep,  fast-flowing  water  with  the-  surface 

essentially  nonturbulent . 

Seston:  living  or  nonliving  bodies  of  plc.nts  or  animals  that  float  or 

swim  in  the  water. 

Simuliids:  family  of  insects  of  the  Order  Diptera;  includes  black 

flies  and  buffalo  gnats. 

Spate:  a  sudden  freshet  or  flood. 

Stenothermal:  refers  to  an  organism  that  can  maintain  itself  only 

over  a  relatively  narrow  range  of  temperature. 

Stratification:  separation  of  and  nonmixing  between  the  surface 

epilimnetic  water  and  the  deep  hypolimnetic  water  because  of 
density  differences  between  the  two  layers. 

Tailwater:  channel  or  stream  below  a  dam. 

Thermocline:  see  metalimnion. 

Trichopterans :  order  of  Insects  that  includes  caddisflies. 

Trophic  level:  refers  to  the  position  occupied  by  an  organism  in  a 
simplified  food  chain. 
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Turbellarians :  free-living  flatworms. 

Turbidity:  cloudiness  of  water  caused  by  the  presence  of  suspended 

matter . 

Turb\ilent  flow:  flow  with  secondary,  heterogeneous  eddies  super¬ 
imposed  on  the  main  forward  flow,  accompanied  by  considerable 
mixing  of  components. 

Water  quality:  a  term  used  to  describe  the  chemical,  pfiysical,  and 
biological  ciuiract(?ristics  of  water  in  respect  to  its  suitability 
for  a  part.lcular  use. 

Zooplankton:  animal  microorganisms  that  live  unattached  in  the  water. 
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